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1. STATEMENT OF WORK

The statement of work for this project includes data analysis and
supporting research in connection with the following broad objectives:

(1} Provide a precise and accurate geometric description ‘
of the earth's surxface.

(2) Provide a precise and accurate mathematical descrip-
tion of the earth's gravitational field. |

(3) Determine time variations of the geometry of the ocean
surface, the solid earth, the gravity field and other geo-

pbysical parameters.



2. ACTIVITIES RELATED TO THE NGSP
(Grant No. NGL 36-008-033)

2. l Data Acquisition

During this reporting period the following data in respect of latest
solutions from National Geodetic Survey, Goddard Space Flight Center

and Smithsonian Astrophysical Observatory were received:

2.11 BC-4 World Net

Complete three-dimensional coordinates with their standard devia-
tions were extracted as under,with regard to National Geodetic Survey's
BC-4 World Net from Dr. H. H. Schmid:

" -3-dimensional Cartesian Coordinates of 45 stations
with their standard deviations of NGS-Geomeiric
Solution (Table 2.1-1).
-3-dimensional Cartesian Coordinates of 45 stations
with their standard deviations of NGS-Combined (with
Doppler) Final Solution (Table 2.1-2).
I is important to note that the y-axis is positive towards 90° West

Longitude in the above sets of coordinates.

2.12 GEM 6 World Net

A set of ellipsoidal coordinates for Solution GEM 6 was obtained
from the contribution of NASA/GSFC section of NGSP Report (Table 2.1-3).
As confirmed on phone by Mr. J. Reece, the sigmas given are in

meters for each of the three rectangular components.

2.13 Standard Earth 1T

A set of three dimensional coordinates with respect to final solu-
tion of Standard Earth III was received from the Smithsonian Astrophysical

Observatory (Table 2.1-4).



LI R do.l.:-l
NGS Three-dimensional Cartesian coordinates

oo

X oy Yo ay Z oz
tlo, Station Name (m) + {m) " {m) + {m} {m) + {m)
1 Thule 546567.862  2.297 13895990.609  3.447 6180239.602 3.950
2 Beltsville 1130767.500 0 4830828.597 0 39947ﬁ4.584 0
3 Moses Lake -2127833.613 .790 3785861.054 .2.9?6 4656034.740 2.906
4  Shemya -3851782.861 4.888 -396404.016 5.654 5051347.586 6.673
6 Tromso 2102925.118  3.663 -721667.562 4.772 5958188.868 4.748
7 Azores - 4433636.070  4.737 . 2268143.467 4.362 3971656.223 4.945
g Surinam 3623227.823  4.563 5214231.698 4.502 601551.302 5.716
9 Quito 1280815.597  4.338 6250955.436  5.800 -10783.013 5.7V7
1 Maui -5466020.732 5.045 2804435,7198 4,352 2242229,885 4.703
12. Wake -5858543.398 5,308 -1394489.166 5.281 2093807.584 5.381
13" Kanoya -3565865.509 5.200  -4120692.866 6.694 3303423.249 6.13]
15  Mashhad 2604346.389 3,988  -4444141.147 5.513 3750323.38] 4.974
16 Catania 4896383.234 4.08¢ -1316167.822  4.463 3856673.791 4.698
19 DO]pres . 2280603.832 4,190 4914545.588 4,789  -3355412.286 6,839
20 'Easter -1888616.8386  4.845 5354892.780 6.246  -2895739.444 7.217
22  Pago Pago -6099954.446 5,392 997367.321 4.710 -15685567.038 5.883
23  Thursday Is. -4955371.684 4,671 -3842221.799 5.689  -1163828.45] 5.852
31" Invercargill -4313815.8656 4.687 -891322.098 5.238‘ -4597238;676 6.3498
32 Perth -2375397.874  4.579 -4875524,035 5,746  -3345372.936 6.170
38  Revilla ~21604983, 541 2.008 5642711.612  3.5653 é035371.41? 4.062
39 Pitcairn ~-3724766.403  £.502 44271236.249  6.480  -2686072.609 7.288
40  Cocos ~741969.205  4.859 f6190770.789 6.606  -1338530.638 5.843
42  Addis Ababa 4900734.926 4,844  -3968226.427 5.48] 066347.675 5.103
43 Sombrero 1371358.188  4.1N1 3614760.271 4,969 -5055928.395 8.156
44  Heard 1098896.432 6.448  -3684591.597  7.80] -5071838, 356 9.919
45  Mauritius 322342?.8?0 4.472  -5045312.452 6.019 -2191780.736 £.085
47  Zamboanga -3361946.845 4,909 -5365778.338 6.501 ° 763644.128  6.1°21
50 Palmer 1192659.730 5.174 2450995, 361 7.275 -5747040.8%6 - 10.171
51  Mawson 1111335.585 65.189 -2169243,189 5.456  -5874307.692 8.002
52 WiTkes -902598.435 4.912  -2409507.607 5.700 ~-5816527 805 7.907
53  McMurdo ']3]0841'759. 4,993 -311248.705 5.500 -6213251.231 7.886
55  Ascension 6118325.238 ~ 5.260 1571746.070 4.816 ~-878595.457 5.507
59 Christmas -5885331.078 K.213 2448376.867 4.435 221683.837 5.446
60 Lulgoora ~4751637.577  4.552  -2792039.266 5.653 -3200142.319 5.866
61 So. Georgia 2999903.036 4.898 2219368.228 6.055 -5155246.454 8.547
63 Dakar . 5884457 .561 4.898 - 1853492.773 4,257 1612863.7205 5.072
64  Chad 6023375.533  4.690 . -1617924.383  4.242  1331742.422  4.83
65 Hohenpeissenberg 42]3552.55$7 S{f  -820823.968 4,444 4702787.513 4.620
67 Natal 5186398.556 ’ 5:263;¢’ 3653936.203  4.854 -654277.651 5.568
68 Johannesburg 5084812.984 5.229  -2670319.559 5,055  -2768065.639 6.585
69 qu Cunna 4978412.958  B.167 1086867.619  6.918  -3823159.761 9.443
72 Thai1and- ~941692.348  5.593  -5067416.834 ' 6.419 2039317.530 5.461
73 Chagos 1905120.320 4.345  -8032252.824  6.70 ~-810717.562 5.751
75 Mahe 3602810.169  4.910 -5238217.287 6.393 . -515928,653-  5.650
111 -2443854.721 2,088 4667988.213  3.367 3582758.969 3.185

{rightood




#E@SS Three-dimensional Cartesian coordinates

Table 2.1-2-"

from Combined Final Solution

X oy ¥ oy Z g7

No. Station Mame {m) + (m) {m} + (m) {m) £ (m)
1 Thule 546588.043  2.524  1389976.770 2.442  6180221.157  3.191
2 Beltsville 1130783.206  2.464  4830812.170  2.853  3094691.260  2.979
.3 Moses Lake  -2127810.402 2.337  3785844,188 2.610  4656021.673  2.89
4 Shemya .3851759.714  3.610  -396416.742 3,622  5051324.861  4.235
6 Tromso 0102043.362 2.365  -721679.260 2.697  5958170.871  3.090
7 Azores 1433652.575 3.001  2268128.968 2.686  3971641.629  3.327
8 Surinam 3623251.037 3.166  5214216.431  3.288 601536.293  3.489
9 Quito 1280842 .366- 3.158  6250939.190  3.947 -10807.932  3.487
11 Maui _5466002.263 3.288  2404414.762 2,767  2242214.785  3.235
12 Wake 5858531.333  3.287 -1394513.654 2.965  2093798.651  3.211
13 Kanoya -3565848.055 3.138 -4120713.101  3.636  3303409.134  3.581"
15 Mashhad 2604363.535 2.345  -4444158.701° 2.711  3750306.588  2.712
16 Catania 4896401.374 2.357 -1316181.010 2.316  3856657.080  2.572
19 Dolores 2280628.000 2.674  4914528.452 2.950  -3355416.607  3.163
20 Easter _1888587.555 3.790  5354875.392 3.952  -2895751.98¢  3.784
22 Pago Pago -6099939.342  3.122 997345.983 2.730 -1568582.700  3.208
23 Thursday Is. -4955355.561 2,613 -3842245.988 2.427  -1163843.516  2.53%
31 Invercargill -4313799.508 2.680  -891345.724 2588 _4597253.294  2.833
32 Perth 2375382.737 2.505 -4875545.638 2.621  -3345387.849  2.728
38 Revilla 2160960.225 2.510  5642694.520 3.678 - 2035358.416  3.176
39 Pitcairn _3724745.647 6.280  4421218.035 5.694  -2686087.346  5.255
40 Cocos 741953.040 3.161  -6190790.099 3,069 -1338547.676  2.752
42 Addis Ababa  4900753.422 2.762  -3968244.643  2.626 966329.417  2.552
43 Sombrero 1371383.334 2.724  3614745.095 3.157  -5055927.530-  3.641
44 Meard 1098912.818  5.747 -3684612.693 6,212  -5071853.727  7.780
35. Mauritius 3223440446 2.656 -5045332,006 2.733  -2191798.454  2.698
47 Zamboanga -3361931.463 2.812 -5365800.248  3.094 763627.375  3.330
50 Palmer © 1192684.033 3.433  2450986.983 4.323  -5747037.701 4,672
51 Mawson 1111352024  4.285 2169264675 3.238  -5874322.862 - 4.844
52 Wilkes _907583.987 3.525 -2009530.660 3.232  -5816542.503  4.730
53 McMurdo -1310828.143  3.356  -311271.145 3.073 -6213265.956 . 3.958
55 Ascension 6118342.544 3.108  1571732.245 2.883  -876608.379  3.089
59 Christmas -5885315.086  3.027  2448357.151 2.732 221669-643 3,145
60 Culgoora -4751621.039  2.483  -2792063.383  2.372 -3200156.628  2.442
61 So. Georgia . 2999924.593 3,745  2219357.041 4.232 _5155247.553  4.886
63 Dakar 5884475.772 2,853  1853478.486 2,307  1612848.261  2.930
64 Chad 6023393.060 2.749 -1617940.871 2.236 .1331726.674  2.508
€5 Hohenpaissenbery 4213570.222  2.356  -820837.313  2.346  4702769.262  2.758
67 Natal 5186415.778 3.301  3653921.575 3.208  -654288.938  3.072
63 Johannesburg ' 5084832.837 3.146  -2670338.698 2.580  -2768083.655  3.248
§9 Da Cunha 4078430.027 7.231  1086856.181 5.644  -3823164.893  7.581
72 Thailand -941678.219 3.661  -5967438.461  3.337 ' 2039300.514  2.969
73 Chagos 1905147.827 2.911  -6032272.479 3.482 - -810729.775  3.001
75 Mahe 3602828.788 3.024  -5233237.170 3.096  -5150947.433  2.773
111 -2448831.364 2.679  4667972.160 3.052  3682744.578  3.162
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Table‘ 2.1-3GEM S Statit_m Coordingtes

STATION POSITIONS FOR DOPPLER

STATION LATITUBE LONGITUDE HEIGHT

NAME  NUMBER DEG MN  SECOND - DEG MN SECUND METERS  SIGMA
ANCHOR 2014 61 17  0.les 210 10 29.035 63.9 5.
TAFUNA 2017 ~1% 19 49,937 189 17 3,046 . 27.4 5.

.THULEG 2018 76 32 19.344 . 291 13 54.033 51.9 10,
CMCMRDD 2019 =77 *50 52.257 © 166 40 25.770 ~33.1 ° 11.
WAHEWA 2100 21 31 15.531 202 0 10.436 395.6 4
LACRES 2103 32 16 44.522 253 14 45.428 1150.7 5.
LASHN2 2106 51 11" 9.367 358 58 25.532 217.8 . 4.
APLMND 2111 39 9 &48.588 283 & 11.907 . 96.0 4.
PRETOR 2115 -25 56 48.272 28 20 52.046 ' 1582.6- 6.
ASAMOA 2117 ~-14 19 50,265 189 17 2.891 39.5 5.
WALLOP 2203 37 51 52.094 284 29 32,286 . . -38.0 12.
ASCION 2722 - 7 58 9.757 345 35 40.701 . BH.6 10. -
CocosL 2723 ~12 11 44,560 96 50  3.054 44,3 16.
MOSLAK 2738 47 11 7.247 240 39 43,766 338.3 15.
STNVIL 2745 33 25 32.087 269 5 9,799 -2.5 46,
MESHED 2817 36 14 26.4H5 59 37 44.239 950.8 .5,
FRTLMY 2822 12 7 53,927 15 2 6.787 298.5 7.

NATLDP 2837 ~ 5 84 57.998 3264 49 55,950 3.9 - 6.
'STATION PUSITIONS FOR MOTS

STATION LATITUDE LONGITUDE HEIGHT

NAME NUMBER DEG #MN SECOND DEG  HMN SECUND METERS SIGMA
CIBPOIN 1021 38 25 - 5Nn.252 282 54 48.699 -38.72 3.
1FTMYR 1022 26 32 53,359 278 8 4,161 ~35.9 - 3.
100MER 1024 =31 23 24,970 136 52 15.455 128.6° .. s,
1CUITD 1025 0 37 21.567 281 2% 16.401 - 3571.8 19,
15ATAG 1028 ~-33 H 58,448 2R9 19 53.57% . 7049.3 5.
1IMOJAY 1030 35 19 47,931 . 243 5 59,055 886.2. - 3.
1J0RUR 1031 -25 53 0.843 27 42 26.404 1537.2 . 3.
INEWEL 1032 47 &4 29 _H34 307 16 46,121 . 64,2 8.
1GFNRK 1034 48 1 21.344 242 59 19,513 2lh.4 3.
IWMKFL 1035 51 26 46,148 359 18 #.330 97.3 . 5.
1ULASK 1036 64 S8 37.046 212 2% 31.715S 284,11 B.
1RNSMN 1037 35 12 T.388 271 7T 41.321 864.1 .. 3.
10RMNRL 103R —35 37 32,106 ' 148 57 14,825 943,5 - G,
- 1RDSMA 1042 35 12 .08 277 T 41.021 864.1 3.
T ITANAN 1043 ~19 0 31.860 47 17T 59,360 1362.2 B P
1UNDAK 7034 48 I 21.344 262 59 19.513 215.4 3.
1EDING 7036 26 22 4b5.743 261 40, 7.45y 209 © 3.
1CoLBa 1037 38 53 356.207 2687 47T 40,940 2276 3.
1REHMD 7039 32 2 49,426 295 20 35.069 -14.9 4.
1PURIO 7040 18 15 28.817 294 0 23.584 -10.4 3.
LGFSCP 7043 39 1 15.714 283 10 20.528 10.1 3.
INENVR 7045 39 34 4B.056 255 23 3A.440 1757.8 3.
1JUmz s i xal 27 1 14.010 279 53 12.457 -2&6.9 - 3.
1JUMs0 T072 27 1 l14.34§ - 279 53 12.844 ~26.1 3.
1JUpC1 7073 27 1 14,372 279 53 13.060 ~26.H 3.
1uscs Tors 27 1 t4.570 279 53 13.107 -25.9 3.
15UN3R 7075 46 27 21.308& 279 3 10.514 235,5 5.
1JAMAC nts 14 4 34.700 2837 11 27.038 417.9 © e
1GFSCN 7077 34 59 57,43 283 9 37.906 Tel 3.
WALHMNOY 7078 37 51 47.543 284 29 27.717 ~39.56 5.



STATION
NAME = NUMBER

I0RGAN 9001
10LFAN 2002

_WOOMER 9003

1SPAIN 9004
ITOKYZ 9005
INATAL 9006
1BUIPA 9007
1CURAC 9003
1SHRAZ 9009
1JUPTR 9010
WVILDD 9011
IMAUIO. 9012
HOPKIN - 9021
AUSBAK 9023
DODRIR 9025

DEZEIT 2028 |

COMRIV 9031
JUPGED 9049
AGASST - 9050
GREECE 9091
COLDLK 9424
EDWAFB 9425
OSLONR 9425
JOHNST 9427

STATION
NAME NUMBER

‘MADGAR 1122
MADGAS 1123
ROSRAN 1124
ULASKR 1128
CARVON 1152

STATION

NAME NUMBER

ETRPRE 4050
ETRMRT 4082
NBER3 & 4740
NWALLS 4840
NWALIZ 4860
NBERQS 4760
WOOR38 4944h

Table 2.1-3 cont.

STATION POSITIONS FOR BAKER-NUNN

LATITUDE

DEG MN SECOND

32 25 25.079
~25 57 35.837
=31 6 2.124
-36 27 46.818

35 40 22.948

29 21 34,781

~16 27 54.628
29 38 13,839

122 5 25.186
27 1 14.120
=31 5& 34.597
20 42 26,175
31 41 . 3.302
=31 23 25.69¢
356 0 20.304
8 44 51,247
=45 53 12.290
27 1 13.948

42 30 21.5472°
38 4 44 ,.B49

54 44 34,634
34 57 50.677
607 12 39.200
16 44 38.879

DEG

253
28
136

353
139

79
288

52
291
279
294
203
249
136
139

38
292

279,

288

23 -

249
242

10
190

LONGITUDE

MN  SECOND
26 48.996
14 52.459
47 3.319
47 36.958
32 16.563
27 271.517
30 24.604
31 11.372

9 44.532
53 13.357
53 36.609
44 33,933

7 18.599
52 43.649
11 31.565
‘57 33.407
23 9.413
53 12.993
26  30.583
55 58.658
57 23.125
5 8.030
45  2.938
29  9.343

STATION POSITIONS FOR GRARR

LATITUDE
DEG MN SECOND

=19 1 16.314

-19 1 14.392
35 11 .45.528
64 58 18.964

-24 54 11.015

DEG

T 47
47
277
212
113

STATION POSITIONS FOR

LATITUDE
DEG' MN SECOND

-25 56 37,592

28 25 28.943
32 20 53.337
37 50 29.16n0

37 51 37.279 A

32 20 52,837
~30 49 5.817

DEG

28
279

295°

284
284
295
136

LONGITUDE
MN  SECOND
18 15,185
18 .11.335

7 26.240
29 12.728
42 59.302

C-BAND

LONGITUDE
NN  SECOND
21 28.937
20 7.649
20 46.909
30 53.007
29 25.864
20 47.119
50

+

17.532

HEIGHT
METERS

1619.1
1559.0

155.5 -

€0.0
84.9
1871.0

2484.7 -

1580.3
—23.2
~24.8
62541

3042.8

2341.0
134.0
883.7

1504,.1
122.5

. ~28.1

129.9
487.2
669.4
T48.9
617.0

18.3

HEIGHT .
METERS

1349.6"
1387.56
828.1
338.8
225

HEIGHT
METERS

1588.6
"'30.7
"'390"’!"
~3b6.4

24.9
124.3

SIGHMA

bGa
3.
4-
3.
S5«
b
4'
6.
5
3.
4.
4o
Te
4.
5.

SIGHA

12.
* Be
4,
4
4.
4
be



s

-~ STATION
NAME NUMBER
BELTSY 6002
HOSELK 6003
SHEMYA 6004
TROMSO 6006
TRCERA 6007
PARMBO 6008
oUITO 6009
MAUID 6011
WAKEIS 6012
KANDYA 6013
CATNIA 8016
MASHAD 6015
vILDOL 6019
EASTER 6020
TUTILA 6022
THRUSD 6023
INVERC 6031
CAVERS 6032
SOCORN  603R
PITCRN 6039
COCOSI 6040
ADISRA 6042
CERROS 6043
- HEARDI 6044
“MAURIT 6045
ZAMBGA 6047
PALMER 6050
MAWSON 6051
WILKES 6052
MCMRDO 6053
ASCENS 6055
XMASIL 6059
CULGLA 6060
SGALSL 6061
DAKAR 6063 "
" FORTLY 6064
HOHNBG 6065
NMATALR 6067
JOBURG 6068
TRSUNA 6069
CHIMAI 8072
DGOGRA 6073
MAHE 6075
PRTVLA 6078
WRIGHT 6111
PRAARY 6123
WRIGHT 6134
STATIAN
NAME  NUMBER
GODLAS 7050
WALLAS 7052
CRMLAS

054 .

DEG

39
47
52
69
38

5

-0

20
19
31
37
36
-31
-27
-14
-10
~44
~31
18
-25

-12°

8
-52
-53
-20

&
—bh
-67
—bb
-77
-7

2
=30
—-54

14
12
47
- 5
-25
-37
18
- 7T
- 4
-17
34
il
34

DEG
39
31

24

Table 2,1-3 cont.

STATIUN POSITIUNS FOR HC—4

LATITUDE

HN SECOND DEG

1 39.706 283
117 6.660 240
42 48.985 174
39 44,108 18
45 36,426 33z
26 53.866. 304
. 5. 51.408 281
42 -27.235 203
17 28.5643 166
23 42.733 130
26 3B.374 15
14 25,459 59
56 35.317 294
10 36.330 250
19 54,394 189
35 3.276 142
24 58.309 168
50 25,036 115
43 S5HB.568 249

4 6765 229
11 43.990 94
4h 12.504 33
46 52,600 290

1 9.425 73
13 52,901 57
55 20.395 122
46 26.371 295
36 4,268 62
16 44.937 110
S0 41 .846 . 166
58 15.213 345

0 18.617 202
18 34,411} 149
17 0.709 323
L& 42,292 342

7T 54.697 . 15
48 3.754 11
55  38.935 324
52 58.963 21

3 83.227 347
46 10.593 98
21 6.513 72
4D 14.620 55
41 31.83% 168
22 S54.548 247
18 48,393 203
22 444455 242
STATION POSITIONS

LATITUDE )

BN SECORD UEG

1 14.347 243
51 36.199 284,
54 15,965 113

LONGITUDE
MN  SECOND
10 27.538
.39 43.7568
07 264363
56 29.299
54 25.707
47 40.707
34 47.674
44 3R.433
36 39,443
52 16.579
2 45,352
37 43,740
53 3B.999
34 22.636
17 B.692
12 39.420
19 31.502
58 31.671
2 41.3%7
53 12.572
50 2460
59 52.089
46 34,090
23 34,7212
25 3l.944
4 Be907
56 53.697
52 22.242
32 T.169
38 31.279
35 34.770
35  14.306
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2,14 ISAGEX Data

Laser and optical data from ISAGEX has been received (Attachment

2-1). The data is not validated.
Updated catalogue of simultaneous observations is expected in the

near future.

2.15 Observational Ties Between BC-4 and Baker-Nunn Networks

Tn order to close some gaps in the OSU-WN net, new reduction of
plates containing simultaneous events between BC-4 and Baker-Nunn Stations
were requested. For related information and the listing of events involved
gee Enclosure 12 of the Eleventh Semiannual Status Report. |

The data corresponding to the Baker-lflunn observations was _received

from SAQ on September 23, 1973.

In order to reduce the BC-4 plates at New Mexico State University
as specified in the above mentioned Report, the UT1 station times of each
event at the BC-4 stations were needed.

On October 25, SAQ provided the values A.S8.-UT1 and the travel
times between the safellite and the observing stations. .

After processing the above SAO data the UT1 station times at the
BC-4 stations were computed and sent to New Mexico State on November
13 (Table 2.1-5). The table is self explanatory. Punch-cards containing
the date and the informaj:ion on the right hand side of the second vertical

dashed line were also supplied.
2.16  Other Material

Data from the WEST and the Eurcafrique Satellite Geodesy pro-

jects were also requested and expected to arrive in the near future.
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‘ Table 2.1-5
Travel times: Baker Nunn-Satellite-BC4
and .
TUT1 times at the BC-4 Stations

nate T SAD (251 {tuT!) RAC RIC RIC RC4 turiy BL4 tury)

YR MOty MR NG HR M1 SEC AS=UT1 WP ML  SEC SATG-SAT 8C4~SAT RBC4-SAT  ND HR MI  SFC NG HR MI OSEC

67T 3 1 39550 | 9001 5 &8 21,6463 5,47408 8§ 48 16,7772 0.0134 0,CLl56 i 83238 5 48 16,2243

67T 3 1 19552 | 900l 5 48 27.6455 5,62406 5 48 32,2724 40.0134  0.C154 | 6038 S 4B 32.2244

6T 3 1 39552 | 90T1  § 4B 53,6459 $5,42406 5 4R AA.22PR  0.0114 0.C153 | 6038 5 43 48,2247

AT 3 T 39556 | 9001 3 74 5R.2628 He63974 3 24 52,8111 C.0L8T  S.Cl86 ] RORA 3 24 52,H760

67T 3 T 29556 | 9001 3 25 £.2431 5.439T7&4 3 25 0,4634 N.016T 0,018% | 6038 3 25 NM,B0&2

6T 3 7 39555 | 9%l 3 25 14,7431 5.43974 3 25 8.80134 00,0157 0.CLRS i 4038 3 25 B.B062

67 3 T %9556 | U0l 3 25 22.2634  BL439T4 3 25 1644037 0,157 C.CLB5 1 62338 3 25 16.8965 N .
67 3 T 39585 | 9CMY 3 26 A0, 2436 5,673974 3 2% 24,7030 45,0157 £,.{145 1 6038 3 2% 24.RI67

87T 3 7 x4GS85 | 9001 6 24 S3,.T40T  RL6400R8 6 76 4R.INCH T.0161 0.C174 [ enla &6 24 44,3709 o
6T 2 T 39356 1 9771 6 25 L1.T7406 B5.44RCE 6 24 56,3005 0,0161 0.0174 | 6238 & 24 5A,3718

67 3 T 39556 ) 9001 6 25 9.T74CT  5,543038 & 25 4.30C6  C,7161 0.C1T74 | 6238 & 25 44,3019 .
&7 3 7 39556 |.90C1 6 25 17,7407 5.44078 6 2% 12.3006 0.021562 C.C173 | €038 6 25 12.3017

67 3 7 39556 1 SCN1 & 25 25.7407  5,44008 6 25 20.3006 D.0i62 0.0173 _ 1 e938 & 25 20,3017 L
67 3 R ICE57 | 3001 3 40 5.645R B5.44765 3 4D (L2036 N,0187  DLC1TB 1 6018 3 40 0,2030

47 7 R AMERRT | 371 3 4D 13,6457 S.44255 3 4N R.2M33 0D.NLAZ  O.C178 1 66538 3 40 B,.2029

6T 3 % 39557 | G001 3 40 21,6457 5.44245 3 &40 186.2033  [.0183 [L.L178 I 6039 3 43 16.2028

67 3 8 39557 [ 9001 3 4N 29,6457 5.44245 3 40 24,7037 2.008% 0.0178 [ 6038 3 40 24,2025

67 3 R 39887 | 3GIT 3 40 37,6458 5,44245 3 40 37,2033 C.01A& 0.(179 | &038 3 40 32,2028

67 3 A 39557 | 001 3 40 45,6441 5.44245 3 40 G0,E036 L0125 0.C179 - I 6738 3 «0 &40.2030 } .
A7 3 8 34557 | 9041 3 40 53,6458 5.44245 2 40 4K.2033 C.0LB6 1.(17% ) ] P38 3 40 48,7326

6T 3 B 39557 | 9001 3 &1 146457 5.44245 3 40 56,7032 0,786 0.C1a0 [ 6938 3 &0 56,2076

6T 3 9 34588 | 001 3 42 S3LTTEO 6.445517 3 42 4RL3IPSB 00,0163 N.GL6R 1 6038 3 42 &R,27263

&7 3 9 16558 | 9C41 3 43 1.TTC?  5.44514 3 42 54.325] £,.0164 C.C168 1 &n33 3 &2 S56.3255

67 3 9 3%55R | 90 3 43 8.TTCT  5.64514 3 43 4.3256 Cu0lé64e D.0168 | 6238 3 43 4,3256D0

67 3 9 39558 | SNa1 3 43 17.TTOR Rl 44516 3 43 17.32%7 0,0165 0.0168 F 6038 3 43 12.3260

€7 3 ¥ 368538 ) ArCl b5 43 5T.T521 5.44547 & 43 52.3766 NL,0196 D.CL¥2 b 6738 6 43 52,3052

&1 3 4 39558 | 9CCL 6 44 13,7512 S5.64567 6 46 BJI0ST 0,019T 0.¢i82 ] &338 6 44 R,3047

67 3 9 3G55R [ 9011 5 464 21.TSN8  $.L44547 & 44 16.3053  0.0197  GLCLIR2 1 6038 6 44 16.3038

&7 3 % 29559 | 9001 6 44 2S.TS5CF 5,44547 & b4 24,3068 0,0198 0.(182 . 1 BD3R b 44 24,3017

67 3 9 29554 ) 9271 6 44 3T.T500  S5,64656T 6 &4 32.3045 0.0199 0.G1R3 | 6038 6 44 32,3029

47 3 9 39558 | 9001 6 44 65,7498  5,44547 & 44 40,3043 C.7159 0.CEB3 .1 en3B & 44 50,3027 o
6T % % 39598 | 8051 & 44 53.7495 5,46547 6 44 4R,INGC  0.0250 C.0183 } | 6038 6 44 #R,3023

67 3 % 39558 ] 90nl 6 &5 1.749%  5,4654T7 4 44 56,3038 05,0201 0.G1s3 1 a0338 & &4 54.3520 o _ B
587 2 11 393540 | 3010 ¥ 56 BILRTAD 5.45851 3 56 48.4285 C.0168 (.C150 | 6C38 7 54 48,4277

&7 3 11 39560 ) G901 3 57 1.5359 5.45051 3 56 H6.0F84  G,N168 C.0160 B 1 6738 3 S6 35,0846 B

67 3 11 38560 | 9001 3 ST 9.5359  5,45051 3 BT 4,0R5%4  D.0168  0.Cis1 | 6038 3 57 4,0847

67 3 11 39590 | 9010 3 57 6,877 5.4525%1 3 57 4.6787 0.C169 0.C15L 1 6038 3 5T 4,4274 - N
67 3 11 3958C | arCl 3 57 17,5358 5.45351 3 5T 12,0853 D,0168 0.G161 1 6028 3 €7 12,0845
87 211 26850 ) OPTL 3 B57 25,8256 5,45751 3 57 20.7%531 NLALT0 Q.ciel . f 673B 3 57 20,0842 I
6T 3 11 35540 | 901N 3 57 25,8790 5.45G51 3 57 20.4785 0,070 fH.C16) | 6038 3 ST 29,4276 ’

L 67 3 11 28580 1 9001 3 5T 23,5358 B.4S051 3 ST 2R.0P53 0.017C¢ Quflal 1 #0383 5T Z4,0Ra4 e

67 3 11 36590 | 9001 3 57 41,5356 3,45%51 3 57 36,0851 0.0171 C.C161 1 6038 3 57 36,086l

AT 3 1L 29560 1 aCIC0 3 57 Al,AT92  5,45351 3 ST 36,6287 CL0LTL  C.Cikl L ben3e 387 36,4277
AT 2 11 39550 | GCIC 3 57 ST.H795 5.450%1 3 57 62,4390 0,0172 G.C1h2 ’ 1 6038 3 §7 52.47280 '

67 3 12 39561 | 9012 3 57 5T.2434  5.45319 3 57 $1.77C2 Q. 0059 D055} 5038 3 57 51,789% e
67 3 12 39561 | SCL2 3 68 13,243R 5.45%319 3 55 7.7%906 £.0159 0.Cl55 | 8038 3 3589 7.7902

6T 2 12 39351 | 9017 3 SR 29.2433 5.453119 3 53 23.79C6  S.0160 O.U1SS | 6738 2 58 23,7401 A N
47 3 12 39561 § SC1C 3 58 45,2440 5,45319 3 58 39,.79CR 0.0183 f.C154 { 6238 3 54 39,7902

€7 317 39541 | 9010 3 59 1.2446  5.45319 2 53 55,7514 0,016l 0.Ci54 I 6038 3 58 55,7907
TRT TR 1S 29854 | 9010 T4 & 53,7551 5.45126 & 4 48,2538 0.0LES 0,189 | 6039 & & 4B,2942

AT 3 15 39554 | G210 4 S5 89,7534 5.46126 4 5 4.7921 32,0184 0.C1BR [ 8738 & S 4,2925 _

6T 3 15 19%34 [ S010 & 5 ?25.7576 5.46126 & 9 20.29!13 N.0183 G.{18% | &n38 4 S 27,2916

67 3 15 36534 | 9010 & 5 41.7320 S5,.46126 4 5 36,2907 {Q.3183 C.C18a . b 6038 &4 5 36,2908

&7 3 18 39564 | SC1D 4 5 57,7514 5.46126 & 5 52,2901  D.0182  0LC1A3 1 60234 4 5 52,2907

67 3 16 39555 | 9001 & 24 S.TIGT  S.66400 4 24 0.2667 5.0153 0.61486 | 6338 & 24 00,2460 .
&7 114 39545 } 5010 4 24 S 8360 S, 4ALQ0 s 24 Q.3720 n,N162 o PR Y- 1 &6C38 & 24 0,3674

67 3 16 39565 | SCO1 4 24 13.7106 S.e640C 4 24 H.2468 9.0154 G,0la6 | 6238 & 24 R,2458

67 1 16 39345 | SOC1 4 Z& 21,7103 S.46400 & 24 16.2463 0.0155 0.C146 | 6038 & 24 16,2454
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&7 3 16 395a%
61 3 15 39965
67 3 14 395A5
&7 2 1A 395645
5T 2 14 24545
6T 3 17 39546
67 3 17 3IG3AA
AT 317 39586
AT 3 17 39554
&7 3 17 3199546
67 3 21 zO570
67T 3 21 3e57r
67 3 21 39570
67 3 21 39570
&7 3 21 39570
&7 3 24 29575
6T 3 24 39574
6T 3 16 310575
67 3 24 39575
6T 3 26 39575
6T 3 26 39575
a4t 3 2¢& 39575
&7 3 26 3a57%
a7 3 26 2357S
&7 3 20 39578
6T 3 29 19578
67 2 2% 19578
&T 3 29 39%7B
AT 3 29 315578
67 3 2?9 39STR
&7 3 29 39578
&7 2 21 39580
6T 3 31 3953C
&7 3 21 39580
67T 3 31 295%C
&7 3 31 39hAd
67 3 31 39590
&7 & 2 39532
6T & 2 39582
&7 4 2 39532
6T & 2 395R2
67 & A 3355A3
AT 4 2 263733
&7 4 3 3%55R3
67 4 3 3a5RA3
&7 & 3 39533
&7 4 3 3959%
&7 4 ¥ 39537
67 4% 7 39587
6T & T 29587
6T & T 3209847
67 4 T 395’7
AT 4 R 195Ap
&7 4 & 395R8
67 4 R 3I95RR,
8T &4 R 30538
67 & B A93%A%
67T & R 3951§
&T & B 3IGARS

HA M1

tAS)

21.8342
29.7162
37,7100
3T7.8327
53,P514
45,7202

Se T2 47
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13.1889
27.04R3
43,0585
59,7893
15,0838
31.0906
47,0916
3,09z¢9
18,2476
14,2478
80,2473

T.50352
T.5G362
T4 50362
7.5C362
1. 50362
T.503873
T4 50363
T.5036%
Ta 54294
Te 54294
7.54294
7.54294
7. 547294
T.542%%
Te 54294
Te 34204
7457129
7.571?7%
T.571729
757324
T.5T3z2%
T.57324
T 57324
Ta513067
Te 57347
TaBT347
Te5T%47
7457347
Te 573467
757347
T. 58684

T 7.58634

T. 580684
Te 5H6AS
T. 58504
Ta 58584
Te 5HOHHS
T.929561
Ta5%561
Ta5%061
Te 596601
Te 59661
T59661
Ta 595661
T.6MCh%
T.00044
Te 60 C4l
TerNSha
Tobl Dag
T. 72213
T.72211
T.722113
T.722113
T.72213
Ta 72213
T. 72213
T TR
Ta 73618
7.73619

3
>

Py

P EPB®E BT
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2h.6223
1r.6N22
4G.6023
4R H024
ShablizG
[ s
Ba e 622
le.4a521
24,4521
12,4520
404519
48,4516
56.451%
2L BMAG
26,8066
92.8057
L3074
12,3080
35,3084
91,3779
AT 2414
53,2412
G.7%0A
7924004
41.2402
57.2453
13.2402
124299
23,4275
Laan2b2
Nes250
16.4241
32,4730
48,4733

T.2215
15.2212
23,2210
31,7208
39,220%
£7,2202
55.72C2
45.5920

1.5911

1 7. 5R5H
49,5487
S.5R85
19,3662
35.366%
Sla3672
T.367%
23,3685
39,3645
55.3708
10.5114
76.5113
52,5111

RIC

0.3108
n.tLes
Ce.Pilt
D.0Mn
Laf1i7
G.CLl1A
0.Nlle
fL2120
Te121
c.nyzz
f.nlez
D 0162
Q0,016

D164
Cufl63
Ca162
Cel6l
C.7155
0.7152
0.0150
DufL4A
0.01486
0.0143
a.0tal
0,012
GaC127
N,Cl29
0.0123
n,orz2
0.0122
G.0119
D.ML11L
00111
C.7111
C.Cl11
C.0111
n.nli
G111
r.0151
Ca0145
C.D14R
T.7144
0.0147
UaQ171
C.01T2
C.0174
0.0175
0.0177
D.0179
0180
0.014a1
C.0Ll43
0.0145

FrC

BC&-5AT

0.G1Z20
C.{1i9
0.0139
¢.0149
J.0140
Call b4l
C.0142
C.ll42
OeC143
C.0L1l43
S.0225
0.0224
n.02z3
C.0228
np.L227
C.l276
L0225
C.C157

Nl 155-

D.0153
N.0150
C.l 148
0.0146
104
D.C116
0.01%4
n.{112
J.C1151
C.C1L09
Caf127
0.C1%25
DL,00RT
0.0087
CLC0ET
0.C0A8
CL,C0RR
C.0nR3
. (i2RE
n.Cci2Y
0,0125%
0.0123
n.CcL18
ft.116
QaC1a7
D.L169
0.0152
00154
0.G196
0,0158
0.G1a1
n,e172
Q.C174
n.0175

0.0129
0.0128
D.0L27
C.Ci26
¢.n125
Ce0124
9.0123
C.0123
£.0122
0.0123
C.CL24%
£.o125%
£.0125
C.0L26
c.0l27
C.Cci28
C.128
C.0128
0.C128
c.Cl2R
C.ri27
o.c127
0.C126
Q0174
{.01T72
C.C170
¢.01648
Q.0LES
£.0166
0.C162
0.0154
C.C15%
C0L55
C.Ni53
0.0152
C.C1b0
r.cl149
C.C165
0.0145%
C.014%
C.01h4%
Calltt
C.l144
C.ll4%%
r.ncia’
¢,r1a1
0.0179
¢,Nr1TE
G174
0. 0198
0.0187
(A ol -7
£.0227
D.0201
C.0202
C.N2072
Call138
0.G14N
C,0143

ol S S R L R

32.&033
40.60635
“4B.60346
S6.HC36
0.4545
A.45454
16,4544
24« 4544
224543
40,4541
LA, 5528
Sheb4536
20.8127
3r.R128
572.R119
3.3138
10,3144
315.3148
Sle2l62
AT.2416
53.241%
2.2411
25.24068
“le2404
5T 2406
13,2408
12.5282
2B.4262
44,5245
D.4718
16.4228
324217
&B . 6219
T.7191
15,2178
23421856
11.2185
A5.2182
47,2179
55.2179
45,5826
1. 5887
17.5871
49,5861
5.585%
19,3638
35,3641
5143652
T43654
23.3b6566
19,3674
55,3639
17,5145
26.5144
42,5141

22.6937
&n,6038
LA, H039
Sh.6040
G.46528

8.4529
16.4528
24,4528
22,4526
43a452%
LR, 4527
56,4921
20,8030
36.8032
52.8024

3, 3038
19,3044
39,3049

} 513044

17,7433
SHe2432

9.2423
25.2424
4l,rae22
ET7.2424
131.24273
12.4324
28.4304
46,4297

L.4280C
16,4271
3246260
48,4261

T.2249
15,2246
23.2243
31.2241
39,2238
47,2235
55,2225
45,5952

1.5943
17450927
49,5919

5.5517
19.35687
35.3689
51.3696

T.3700
23,3709

39,3718,

5543731
17.5111
265110
42.5109
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€9 10 1A 475%7 9023 12 &7 23.8597 T.61531 12 47 1640434 Cu01GR 00,0193 £.021&
&9 17 18 47512 GL23 12 47 RS ,AE89  T.8163Y 12 AT 4R, 0426 L0202 00,0187 (.0217 6032 12 47 4840421 b606% 12 &7 48,0441

6% 17 18 42512 oC23 12 A8 11.8584 T.R1£31 12 4R 4,7471 042274 Cu{199 C.N219 6032 12 48 4.0416  &DRD 12 48 4.0476

6032 12 47 1A.0629 &0AD 12 47 16.0450

TATE S&N (as) ‘ [fuTL) R/C R/T R/C BL4 Uttt AC4 (uT1})
YR M3 DY MJD [Hel HR M1 SgC AS-UUTY1 ®R MI  SEC S5A0=-SAT RC4-SAT  BLA4-SAT NO HR MI SEC M0 HR M1 SEC
69 9 22 40484 | 9023 13 6 £.2449  T.T73619 13 & S3,5107 T.71467 0LCLTT C.0145 | 6032 13 4 S58.5137 6960 13 4 54,5109
69 9 2?0 4refe | 9023 13 5 22,2463 T.T361S 13 5 14,3101 0.nis% 2,C178 C.Gl4T | 6732 13 5 14,5130 6060 13 5 14,5099
69 9 23 &406AT | 5023 15 2 GL0RB7 TF.7492% 16 2 1.3428 0.01B1 0.0140 C.0G213 ] 6032 16 2 1.3387 6060 16 2 1.34473
A% 9 23 40687 1 9023 tha 2 25.CR81 T.74525 16 2 1T7.3409 O.01R1 Q.Cl42 C.0216 | 6N32 16 2 i7.337C 6060 16 2 1743542
69 9 73 40497 | <023 16 2 41,0041 T.T74%25 16 2 33,3389 G.N1A2 CuCl43 0.7216 | #7222 16 2 23.335C 6060 16 2 33,3421
£9 9 23 406RT { 9023 le 2 57.0826 7T.7432% la 2 59,3374 G.0183 0.0145 0£.02I5 1 6032 16 2 49,2338 67602 L& 2 49,3406
€% 9 27 45491 | 9023 13 2 S3.THLT  7.75641 13 2 46,73%3 0.7156 D.0175 0.0160 | 6232 13 2 46,0372 6060 13 2 46,0357
€9 9 27 afA%] [ 9723 13 3 9.7T98T  To75641 13 3 2.0343  0.A15R  0.0177 L0163 | 6732 13 3 2.0167 6050 13 3 2,03aR
€9 9 27 4749t | QC22 1303 25.78%%  T.75%&1 13 3 1A.0335  0.n1el 00179 L7165 | 6M3Z 13 3 18,0354 6767 13 3 18,3340
9 9 27 47491 | 9C23 13 % 41,7886 T.T9641 13 3 34.0322 0.N1063 0 DLCIAL NLN1AT 1 6032 130 3 34,0340 62670 17 3 34,0326
69 9 27 4749 | 2023 13 3 5T.TRTI T.75642 13 3 53.0339 0.0165 00,0143 C.D169 1 4032 13 3 50.0327 600 13 3 50.0313
6G 9 P7 4049l | G023 15 58 21.4595 T.75476 15 58 13,7027 C.218% C.C141 D03G225 | 6932 15 58 13.6979 6060 15 58 13.7063
69 9 27 449l | 9023 15 58 37.4593 T.T75A7H 15 58 29,7225 n.0190 0.0142 C.C225 § 6332 L5 58 25.6977 6763 15 58 29.7C6N
€9 9 27 4769l { 5023 LS 58 53.4596 7.75677 1Y 58 45,7028 0.0190 0,0143 0.7225 | 6032 15 SR &5.6%R1 6060 15 58 45,7063
£G 9 27 404Q1 | 9C23 135 59 9.4603  T.T5577 15 59 1.7335 0L.C0161 G.lles Q.G225 1 6G32 L5 59 1.6938 760 15 59 1.7069
68 9 27 4049t | 9023 15 59 25,4607 F.7955677 1% 59 17.7039 0.019F DW.Glee €.0225 1 6232 15 99 17.6994 AlLe) 15 59 17.7073
€S 9 27 47691 | 9723 15 59 41.4616 T.TS6TT 1% 59 33,7048 0.D192 0,CLaT N.0226 1 6032 195 59 33.7003 6767 15 59 33.7GB2
69 9 2T 4C491 | FCE3 15 59.57V.6625 T.75677 1% 59 49.7057 0.0193 0.C1%9 0,.0226 | €732 15 59 &2.7013  6%%0 15 5% 49,7290
69 9 7R 40492 | 9023 12 S5R 23,5787 T.75929 12 58 15,8204 0,047 G.C150 C.C133 | 6032 12 58 15.223 6780 12 58 15.8211
69 9 7R 40462 | oG23 @12 S8 A9.5T¥R0 T.7%929 12 5% 31.4197 0.n1F8 C.C1S1 0 C.C135 ) 6232 12 S8 31,8220 4740 12 S8 31,8204
€9 9 28 4Ce92 | 9023 12 S8 55,5783 T.75929 12 58 47,8190 2.0130 ©,C153 0.00136 | 6032 12 58 47.8213 6040 (2 58 47.3156
68 9 28 434492 } 9023 12 59 11,5776 T.75729 12 59 3.31A3 040132 0.C154 0.0138 | 6932 12 59 32,8205 60503 12 59 3.8189
€5 3 PR &4CA92 | 9023 L2 5% 27.5764 T.75629 12 59 19.317L £.C134 C,C156 C.0lal [ &N32 12 59 (°,8193 &£060 (2 59 19.8177
6% 9 28 47402 ] 9N23 12 59 43,5757 7.75929 12 539 35.4164% 0.0136 2,.0157 0.0142 1 6332 12 57 35.R185% 6165 12 59 35.8179
69 10 4 &C43R | 9023 12 52 18,3309 T TTaAnT 12 52 1045547 2.7119 0.0133 .0.0134 | 6032 12 52 10.5556 £4A0 12 52 12.5557
69 10 4 %0633 | 9023 12 52 34,33C4 T.77667 17 52 76,5537 0.0120 C,C135 0.0135 | 60232 12 52 26,5552 6060 12 52 26.5552
£9 1C & 47498 | 9023 12 52 50,3297 T 7T6AT 12 52 4245530 0.0122 0.L136 C.0137 | 6032 12 52 42.5544 6067 127 52 42.95545
69 12 &4 404728 1 9023 12 53 A.328% T.77567 12 52 58.5%22 N.0123 0.C137 C.0138 | 6032 12 52 58.5536 6760 12 52 58.5%137
69 10 4 40478 | 9923 12 53 22,3282 T.T77667 12 53 14.591% 0.012% 0.0139 0.9139 | 6232 12 53 14.5529 6360 12 53 14.5529
69 17 & 40438 | 9323 12 53 3R,32T4  T,77667 12 53 37.5507 CL.0127 0.0140 C.0161 § 6332 12 53 30.5520 6060 12 53 30.5521
69 17 4 40498 | 6023 12 53 54,2266  T.7756% 12 57 44,5499 C.CI2R C.C142 C.0142 | 6032 12 52 456.5513 4660 12 53 456.5513 -
6% 10 & 4Ca98 | 9023 12 54 18.3260 T.77668 12 56 2.%493 0.013) C.Ci43 ©.Gl44 ] 6032 12 54 2.5906 6060 12 %4 2.5507
€9 17 5 40459 | AC23 9 49 8,0742 T.T7615H 9 49 0.295%1  C.OLdE5 0,CP46 Q.0151 ) 6032 9 49 0.3012 6260 9 49 0.2917
88 17 5 40499 | 9023 9 49 24,0757 T,77515 9 4% 16.2%6 C.0185 0.0246 0.,2151 | 6032 9 &9 14,3727 6060 9 49 16,2932
69 10 5 404%9 | 9023 9 49 40,0769 T.T7515 9 49 32.2977 Ge31E5 CuC246 0.01%2 | 6032 9 49 32,3038 60560 9 49 32,2G46
&9 10 5 40499 | 9C73 9 49 B6,.07T6 T.TT7915 9 42 48,2984 D.,0186 00,0246 C.T157 | 6032 9 4% 43,3044 6060 9 49 4B.2651
6% 17 5 47492 | 9023 9 S0 12.0782 77,7791 9 S50 “. 23991 DL0lRSs 0,0246 0,214 ] 6032 3 40 46,3081 6060 9 50 4.25859
89 19 5 40499 ] P23 9 52 2B.0786 TL.TI915 9 S0 20.79%% C.C1E6  N.0246 0.0154 ] 60532 9 S0 20,3054 60460 9 50 20.2542
69 10 5 40696 1 9023 3 50 44.0TRS T 77915 @ 5C 4¢.2993 C.0187 D.0266 C€.C15% 1 6032 9 59 35,3092 60608 9 50 36.24961
&G 17 5 404699 | 9023 9 51 0.C7BY T.T77915 2 50 4%2.2991 D.0187 0.C2¢6 0.0156 | 6032 9 50 52.3750 6060 9 50 52.2960
62 19 65 47499 | G023 12 54 32,0094 F.T77951 12 53 55.72299 0.0136 0.CleT D.O1SC | 6032 12 53 55.2310 6060 12 53 55.2313
68 17 5 4fene | SC2% 12 54 16.C0C85 T7.77551 12 54 11.7290 0.0138 0.C148 0.CL52 | 6232 §2 S4 11.2300 6060 12 S% 11.7304
€3 12 5 4nagg | 9023 12 44 35,0079 7,77951 12 54 27,2744 £.0140 00,0190 CuCL53 | 6032 12 54 Z27.2294 6060 12 54 27,2297
6% 10 5 40495 § 9023 12 54 51,0070 7.77951 12 54 #3.2275 0.0142 0.0152 C.C135 | 6332 12 54 43,2235 6760 12 S4 43,2288
68 10 & 40409 | 9723 (2 S5 T.0060  TF.TTAS1 12 54 59.226% 0.0144 0,0154 0.0157 § 6732 12 54 59.227% 6060 12 54 59,2278
69 10 11 40605 | 9023 12 42 49.0724  7.79644 12 42 41.2060 C.6118 0.C118 Q0163 | 6037 17 42 41,2060 604N 12 42 41.2085
69 [0 11 498735 | o023 12 4% S.0013 7,79644 12 42 5T7.2349 C.P119 GL.CL119 C.Cl44 | 6022 12 42 57,2049 6040 12 42 57.2074
89 17 11 47575 ] 82023 12 43 Z1.70N3 T,.796465 12 43 13,2039 72,0120 0.{120 0.0144 | 6032 12 43 13,2039 6060 12 43 13.2C63
CB9 102 13 40827 [ 9023 12 &2 PS5.AR93 T,80212 12 47 17.8472 0.5128 0.0i24 0€.0153 | 6032 12 42 17.BRAE £250 12 42 17.8F897

69 12 13 &4mS5CT | 9023 17 42 41.6R83 T.AC212 12 42 33.3962 2.0129 0.012% C,2154 | 6032 12 47 33.BRS58 67560 12 42 33,8887
69 1D 13 40547 | of23 12 42 57.6R68  T.ACZ212 12 42 49.9847 C.C139 0,0126 C.215% | 4232 12 %2 49.BR&43 6060 12 42 49.8R72
69 17 13 4050T | 9023 12 43 13,6854 T.B021% 12 3 S,.0433 0.01%2 Q.0127 C.Cise § 6032 12 43 S.8628 64950 12 43 5,8857
6% 1M ta 4CHTR | 2023 12 42 40 .1763 T.BC436 12 42 32.3718 040136 0,C130 Q.0L60 | 6032 12 42 32.3712 6760 12 42 32.3742
66 10 14 45538 1 an23 12 42 56,1776 1. RC4%6 12 42 4F.3726 0.C137 0.013F 0.C161 { 6032 12 42 4843720 6060 12 42 48.3750
69 10 16 4750B 1 Q02?3 12 43 12,1549 7.8G497 12 43 4,3499% 0L,0138 G,C0E33 £.C162 1 6032 12 43 45,3854 6260 12 43 4.3923
6% .13 18 485712 1 9023 12 &7 7T.8601 721631 12 &7 C.02%28 0L0196 C.C191 Gu0212 | 6032 12 4T Ce0433 6760 12 47 0454

| |

i f

} !
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DATF SAD
YR MO DY MJID ND
&2 17 I9 4%517 ] Q023
A9 10 19 &0812 | 90723
59 17 19 &rfsf3 | 9C23
4% 17 19 &0513 | 9023
69 10 19 #0513 | 2023
69 1C 22 47516 | 9023
69 1% 22 40516 ) 9023
69 16 22 40516 } 9023
6% 17 22 40516 | 9023
69 10 73 40317 | 8023
6% 10 23 40517 | 9723
6% 10 23 4C517 | 9C23
69 17 3 40517 | 9023
&9 10 23 40517 | 6rz3
69 12 30 4rn24 1 5023
£ 12 AN ATS24 1 AM23
6% 10 32 47524 ] 9C23
49 1D A0 &0674 | 9023
6% 11 5 a4fs83n | 9r2a
69 11 5 47630 | 9023
69 11 5 4nS30 | 9023
69 11 5 ans3n | 903
69 11 5 47530 1 9723
&9 11 5 40530 | 8C723
49 1l 5 42530 | ac73
&9 12 T 40552 | 021
69 12 T 40Sa? | 9C23
69 12 7 4n562 | S0?3
59 12 T 4nsA2 | 50723
69 12 T 40542 | 9023
69 12 7 47562 ) QC23
69 12 8 40%831 | Sr23
_ 6% 12 R 40583 | 9073
69 12 R 43563 | BO23
65 12 13 47563 1 SC23
59 12 13 40568 1 9023
_ B9 12 13 40568 1 9023
T 89 12 13 an5es | 8023
6% 12 13 40Rs8 ] 9023
69 12 17 47568 | 3023
69 12 13 479568 | 902
65 12 13 40568 | 9027
£9 12 17 40568 | 9°323
69 12 13 40568 ] 90213
_ &9 17 14 40569 | 20?3
69 17 14 40559 | 9023
69 12 14 4CS549 | 9n23
69 12 14 &0559 ) 9023
£9 12 14 47549 | 924
A9 12 15 40570 1 9023
BG 12 V6 47570 | erzs3
69 12 15 47573 { 9023
69 12 15 &G570 | 9n23
69 12 15 «0570 | 9023
69 12 1% 4CSTn | 50?3
6% 12 16 47871 | an23
59 12 16 475711 | 9023
69 12 16 40571 |} (73
69 12 16 40571 {1 o023

T.BT03
?3.B695
39,8651
55. R6ES
11.R¢PL
34,1395
50. 1388

6.1273
22.1362

1.7218
17.7208

33,7198

40,7160

5.71 R4
5240309

82,0303
24,0305
40,0308
55.RR28
11.8R27
27T.8825
43,9R27
5G.AKZA
15.858730
31.AA33
52,3147
B.315%1
24,3149
A0.3] 458
63145
123145
29,2442

64,2447

12,2441

2.4276
24,4275
40,5271

56,4270

12,4268

84,6757
Fh.BTA1
Gl 70T
56,0137
12,6737
52.235R2

B,2077
24,2072
40,2068
56,2767
5h.T157
il.71%6
27,7156
43,7155
59,7158
15,7157
52.06C4
B. 0598
24,0551
L0 L0588

AS=-UTl

T.RL91a
T.8l916
7.81914
7.21914
7.8191a8
T.RZ2T76
T R2ZTTH
T,8277Th
1.927T6
TeRANH4G
T. 81064
TLRITES
T.A3Ca%4
T.830ha
7.A5105
T.R5105
TH51G5
7.845105%
T.85879
T.A46879
T.EeR79
T.84870Q
Te Rog7a
T.8687T9
T RHEETY
Te2515R
T.9¢154
Ta961548
7.96158
T.961549
T«56158
T.5644%
T. 06449
T. 18450
7.97917
T.87318
7.¢791R
T.9791A8
T.37914
7.97552
TeITG52
TaBTG572
T.97652
1.37552
T.98223
T.98220
Ta9u220
T.GRI2N

T.9R220.

Ta3H55D
T+ 5B567
T.78561

7.93561

7.98%61
7,98561
T-36B27
T.IER2T
T.90R77
T.98827
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2643117
42,2106
58,3795
14,3084
53,8912
Q. HIIE
25,8392
41,3944

B5T.ART8

44,1769
D.1T92
L6al7%4
3241737
48,7145
4.0 139
20.M137
36,0139
57,0140
Bail42
2heT145
Hiv, 3531
Da3535%
16.3533
32+ 3530
46,3529
4 AB2 9
3Ir.2797
46,2795
2.27%60
D448
16,4483
3244579
aB.b4uT8
ot ThH
DLh362
16,0908
32,6992
- LY
4et342
G4, 2246C
0.225%
16,2250
32.22407
LR, ZIZ45
a7, 7331
2.TINC
19. 7300
35. 7299
S1a.7352
T. 7301
hbh T2
Ge0Tl%
16,0738
12.3705

/C t/C
SaD-5AT BC4&-SAT
0.2178 0,CL69
0.012%3 Q.CI71
0.0181 0.0173
0.0183 0.¢179
C.0185 ©.C177
0.0163 (.G:182
G.0195 00,0184
G.0197 C.{124
0.5198  N.CLldR
n.0188  0D.L1T72
G.018%  0.0[74
Ga01A9 Q.C176
0.nt91  C.C178
0.Nn192 ©.{18¢
0.0202 0.0180
5.0203  C.CLRZ
D.,0205 O.C1%4
§.0206 0.0188
0.n251 0.C237
N.0253 0.0238
0.0254 ©,0240
06,0255 00,0242
00257 QL0244
2.0258  Cu{ 246
GeF26MN N,0247
0.0767 0.0312
0.7266 N.0312
0,0266 00,0312
f.on2es  £.0312
0.N265 N,(312
N.0264 £.0312
f.0261  0.0309
7.0260 0.6339
C.2260 0.63D9
C.0?36 0.0292
f.023% , 0.0292
n.D235  0.C2s2
N.0234% 06,0292
U.0736 0,293
f.m2t L0217
C.0225 0.0230
2,0224 0.€229
D.0222 D022
0.0221 N.0726
0.0231 0Q.0783
2.7231 0.(2R9
0.0231 0,02R9
C.0230  D.C249
Ge0230 040799
0.A198  0.0204
T.0197 ©.0203
£+9195 C.0202
C.0194  0.0221
0.C1%3 fB.C199
3.0191 f,.0t1a98
0.r222 ©.C2852
D.[2R3
0.0241
0.8l

R/C
BL4-5AT

C.021%
C.G2L6
taf217
0.3z208
C.0209
0. 0231
c.0212
C.C213
0.0227
0.0228
C.C229
0.02310
C.0269
Q.0270
0.0271
n, 0272
De0273
0.0274
0.0275%
0.0244
C.0243
0.0243
t.C242
Ca2al
Q.0240
C.02306
C.0235
0.C235
q.172086
0.0205
C.G2R5
Tan204
0.0703
C.r237
G235
C.G234
0.0232
Ca231
C.0201
C.C200
. 0200
C.CL99
C.C109
0.C210
0.7209
L0208
C.3225
C.C20%
C.0204
C.C170
Q.0150
C.019%
C.0189

53.88%48
0, 48848
25.8879
41.987}
57.9846
L&, 1TTT
0.1771%
15,1773
22,2777
4R.0126
44,0126
2c.0123
36.0126
S2.0127

3.0130
24.0137
44,3576
C.35381
16,3579
3r.3517
43,3576
4,35 TT
30.2R45
45, 2R44

2.2845
Cut540
16,4560
32.4536
4B, 4538
4,4935
GC.6947
[A.56951
12,6957
48,6340
Ga 6947
44,2318
0.2313
16.2303
32.2306
48,2304
47,7307

3,17306
19.7307
35,7338
51,7308

7.7308
44,0781
G776
16.0769
3720767

G.0 531
16,0524
3z.00519
GR. (512

4.0508
26.3137
42,7125
SA.311s
14.71072
53.8934

T R%23
25.8914
41.500%
576899
44.1R24

0.1817
16,1818
32.1821
48.015R

4401156
20.0154
3I6.0154
52.0156

8,n158
24.C167
44 ,35CH

043512
156.2511
32.3507
48,3505

4.3%05
30,2772
4fe 2770

2.27TT1

Qa.h454
16,4453
32,4649
LR, 5648

G.b645

0.6952
164956
32,4562
h8,6352

b 6952
46,2230

Ca2224
16,2219
32.221%6
“Re2214
4T.T313

3.7312
19.7312
35,7311
517314

T.7314
44,0689

[ R
16.0675
32.0673
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B .
TC 1 4 40500
0 1 & 40593
7C 1 4 40580
T 1 L HNSQD
71 4 apsoc
¢ 1 & 40590
76 1 S 40891

HE MT

LASY

SEC

56.0583
12.25381
7.7167
23.71469
35,7169
55,7163
11.7166
743095
23,394
39,3093
£8.3094
11.3094
55, TCRT
11.70490
277090
%3, TORB
5Q.TGA9
15,7081
Te4367
23.4360
39,4348
554354
11.4352
S4 0566
10,0565
2hH., 0564
42.0563
58.0556
14,0562
4, 6070
20,6045
b 6062
52,6060
B.6(59
53,.434731
9.8433
25.7433
41.8433%
57.8410
12,8427
56,8752
12.ABR9
ZB.RRE]
44,8877
C.R%69
16.8367
52.26921
Be2694
24,270
40,2698
S6.2697
1L72.2694
“2.1893
A. 1887
241880
40 LRT2
56,1872
12415368
56,6548

T.55FB27T
T.G98827
T+9FRA2
T.38867
Te SPAKT
T.GFB62
T.98863
R 32343
Re 10243
A, 20304
8.00344
B.00344
A. 00932
R, 20932
4,920932
B, 332
9.0972932
Byif932
8., 02CT74
A.02074
A 327074
B.22%74
Be02974
B, 32109
B.721C9
8.22109
A, 02109
8.22109
B.2109
B.NZ3GA
B.N2366
R 2347
8.72367
R.02347
A G269
8,02604
R, 52594
B.A2594
A.02694
Be 32694
B.3295%
Re 12755
B,02555
B.LZ2G55
B.0295Y
B.012555
B.M29489
B. 02990
8, nzogn
B. lZaoa;
A.129g90
8,72590
Ay CHH0Q
By Tasnn
B, 24400
Ha 04 400
f,04400
BuCuan(
A, NagRE

HR M1

Table 2.1-5 cont.

(yT1}

SEC

La.2688
5% T2R1
195.7283
31. 7783
47,1271

3.7T2R0
59. 2061

L5.3060
31.3059
#T.3C68

3.3C60
476734

1, 6997
1946987
G5.6995
51.6996

TeH 788
59. 4160
15.415%3
3laalBl
4TailaT

Jadinh
G6e0355

P 0354
tH.0355
14.03%2
50.0345

6. 5339
56,5833
12.5R28
24.%R25
44 e5823

D.5R27
45.R1H2

1.8164
17R1b4
13.8le4
49,8161

S.A188
4R, AGES

4.85394
ZC.8536
T6.H9R2
S2.5357%

d4.9568
G4.2392

Ce2305
1624601
32,2399
48.7398

4. 2457
44,1453

C.1447
16. 14497
37,1432
R.1432

4.1426
44,6779

R/C R/C
SHO=SAT RG4-5AT
0.C22% 0.0283
2.3221 Ca.C243
0.0202  0.0206
C.N203 0.0235
Na199  Q.0704
C.2197 0.C2C2
T.0166 Qur201
Ca022) 0.C2i8
0.0219 7.0217
C.0218 2.021%
Ta0216 2.{214
C.nZl4 Cl.C212
P.0197 Q.0193
C.71%6 0.0192
D194 0.C193
0.0133  Q.0185
r.ni9l  0.L18A4
GeG190 LaC1lRS
D.0184 00246
N, U184 C.C246
Cell84 DalZ4a0
Canl84  C,0247
Ca185 CaC247
Qu0ley L0156
N.Cl65 0.C19%
N.0164 NLC154
0.0163 (Q.C153
U.0162 0.{152
D.0161 0.0151
0.C1R2  (.(24]
CWRLEZ G.U241
0.0182 0.024)
Q.0182 0.0241
C.01Bl D0.C24l
C.C225 0.0215%
0.0223+ 0.(213
Ca0221 0.0211
C.022% DL.L209
G.C21a 0.0238
C.01216 0.C206
C.O178  G.E237
0.0176 0.0238
0.0L77 Q.CZ38
$.0177 0.0239
Ca0178 (.0239
C.0178  G.L240
CeP16T CuC1G2
0.0l66 0.C150
D.016% Q.0 149
T Q164 GLJCi4R
C.0161 0.0147
GellB3  Callad
C.0l6) 0.0220
2.Cl62 0.C220
J.C167 Q.0221
C.01A3 0,221
A.M1e3 0LC222
Ca0las 040223
0.0162 0.CZ20

RIC
RC4-547

G.C213%
0.0212
f.c2in
C.0209
£.C235
C.C2%4
C.0232
C.r22i

L0229
C.0215
c.c213
D.212
0.0211

C.0210
{.2208
CaCl5e
C.l1654
C.015%
0.0154
fLCL54
C.D1%1

C.0199
C.018¢9
c.0l188
C.C188
0.0187
0.0155
0.02135
0.013¢4
0.0194
D.0154
G.0242

0.0241
0.0239
£.0239
D.0736
C.C235
C.0la7
0.0147
G.C148
Cualan

a0t af

CaT71472
0.C194
G.0193
C.C193
0.0192
C.01i51
0.0Len
C.0138
L0137
Cal37
C.Cl338
C.0138
C.0139
C.N138

tuTi)

48,0762
4.0760
59,7285
15,7288
31.72R8
4T.T282
3.7285
59,3058
15.305R
21, 305¢
47.3058
31,3058
47,6990

31,6993
19,6993
3%.46%991
51.6993
Tat9B%
59.4722
15.4215
31,4213
47 54210
32,4207
45,0345
20344
1R.M345
34,0242
50,0335
be0328
S56.5892
12.5257
29.5% 884
44,5882
J.5R882
25.6152

l1.8154%
17.8154
33.B153
49,8151

5.R148
48.8524

4.95656
20 .9647
3b.RR44
52.8435
8.R630
44,2377
0.217°
16,2315
12,2383
48,2362

442380
44,1512
N.157%
le, a9
32.14%9
48,1491

4. 1485
4RLA1AT

BC&
NG

(Ut

59,7293
15,7296
31.729%6
4T .7290
3.72%3
59.30175
15,3275
31,2072
47,3075
3.,307%
47.70%2
3.7C1 4
19.7215
35,7017
St.7C15
7.7008
59,4120
15.4123
3l.4121
4f.4117
J.0114
46,0380
2.G379
18.N34H0
34,0377
53.0371
&.0365
56,5806
12.9801
28,3787
44,5795
0.5795
45,8179

1.8182
17.R182
33.8182
49,8179
5,8177
4B,B434
4.8569
20.8557
36,8552
S2.8544
B.8539
44,2610
D.2422
16,2429
32,2427
L8 ,2426

Galb2h
44,1428

N.1422
[6a14L%
12.1&4C7
4841407
4.1401
48,6058
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Table 2.1-5 cont.

DrTE 520 {£5) ’ {uT1) P/C rRAC R/C RC4 {utTt) BC4 {uTl)

¥R MOty wgn \C . HR M} SEC AS~-UTI KR M| SE” SAD=-SAT BC4-SAT  BC4-5AT MO HR M1 SEC LH{ 8] HR MI SEC

70 1 5 4059t | 9n?3 15 31 12.6545 AR,046Bk 15 31 4,6075  0.7162  0.0220 0.0132 | 6932 15 31 4,6133 ofs6f 15 31 4,6751
70 1 = &rs91 ] 9023 15 31 78,6545 8.04686 15 31 20.6074 C.O167 0D.0221 C.NE39 | 032 15 3L 20,4134 6060 15 31 20.6052
7¢ 1 11 40597 | 9023 15 23 44,9361 B.06411 1% 22 55,9720 0.7129 0.0190 C.0174 1 6032 15 22 B5.977TL 6060 15 22 S55.97605
0 1 11 &8S97 | eCz3 1S 23 20.0%57  3.06411 1% 23 11.9716 C.C139 0.C191 C.0l24 I 6022 15 23 11.9768 6060 15 23 11.97C1
70 1 Il &0s5e7 | 9623 15 23 36.0388  8,06411 15 23 27.9717 0.7139 0.0181 (.fl24 ] 60932 15 23 27.9769  &£C40 15 23 27.97C2
7¢ 1 11 425GT7 ) 9023 15 23 S2,C38T7 8.06411 15 23 43,9716 00,0139 0.C191 0.C124 ] 6732 16 23 43,9768 4040 1% 23 43,9701
7¢ 1 11 &0537  9r23 15 24 A.0354 B.Ne4ll 15 23 59.09T15  C.Cl3¢ C.C151 C.riza | €032 15 23 59,9767 6060 15 23 59.5700
TC 1 11 %9597 ] 923 1% 24 24.0359 R.T6411 15 24 15.9718 £.0213%9 0.0192 C.0124 | 6032 15 24 15.9771 6%67 15 24 15,9701
70 1 11 43557 | 9027 1R 21 5.53%94 R.Ce446 18 20 57.474% 0.N173 0,0131 €.0209 | #0232 13 29 5T.4707 #2677 IB 2C ST.4T85
7¢ 1 1t 40597 ) 9023 18 21 21,9%3R9 A 06446 18 21 13,4744 0,0173 QL0131 C.0209 [ 4032 18 21 13,4702 6060 1R 21 13.4780
7¢ L 1t 49597 | 9023 1R 21 37.538Y d.064sk 18 21 29,4736 N,0172 0.(130 C.0209 | 6032 18 21 29.45%4 6760 18 21 29.4773
T 1 11 46597 | an?3 18 21 53.5375 A.06446 18 21 45.4730 0.G172 0.0L13C €,0279 | 60332 1B 21 45.46R8 6060 18 21 45.6767
70 1 11 49507 | 9023 LR 22 545267 AL00446 1A 22 1.&717 06,0172 0.013C 0.0209 I 6722 13 22 1.4473  HC6D 18 22 1.4754
70 1 17 475499 | 6023 15 73 ©3.3274 B.26697 15 23 a5.25C4 2,013a C.CIB8 .G122 | 6032 15 23 45,2656 6C60 L% 23 45,2590
A 1 12 47578 F 9023 15 24 09,3279 2.0669T7 15 24 1.2A09 L2136 0.C0138 C.0122 ] 6032 15 24 1.2661 6260 15 24 1.2595
70 1 12 40598 | 9023 15 24 25,2283  B,06e99 15 24 17.2613  G.O0137 0,0188 (C.0123 | 67932 15 24 17.2564 606D 16 24 17,2599
70001 12 40598 | 9023 1S 24 41,3289 RBL.C&EASE 15 24 33,2419 2,0137 0.C189 C.0123 | 6n32 1% 24 33,7671 6060 15 24 33.7260%
Ein 1 12 40598 | 6023 15 24 57,32%6 8.706608 15 26 £9.2626 2.0138 2.019% (.0127 | 65032 15 24 4%.2677 &880 15 24 4%9.2611
70 1 12 40804a | 9022 15 23 §3,6554  A,06582 15 23 45,5858 (L0134 N,0184 0.0121 ] €232 15 23 45,5506 6363 15 23 45,5543
TC01 13 4059€ | SP23 19 24 . 9.5553  8.CEGH2 15 24 1.5855 C.0134 CGL.(18%5 0,012 ] &332 15 24 1.597%6 6067 19 2& 1.5R43
70 L 13 4G59S | 9C27 19 24 25.6556¢  8.76967 19 24 1Ta5A%0 (401235 0,C1859 0.0122 | 032 15 2% 17.9906 &760 1S 24 175543
TC 1 13 40596 | 92773 1% 24 41,5554 B.76962 1% 24 33.548%% 0,0135 0.C1R6 C.0122 ] 6032 15 24 33,3907 6750 15 24 33.5843
TN 1 13 40599 | 9C23 15 24 57,4550 A,T59R72 15 24 49,5352 N.0136 Q.0186 (.0123 | 6032 15 24 49,590 6060 15 24 49,5839
To 1 13 0S99 | 9073 15 2% 12,4562 R,OASRZ 15 25 S.95464 0.0136 9.0187 0.0123 | 6032 15 25 6.5915 €762 15 25 5.585!
73 1 10 47405 | 9073 18 21 20,8374 AL02T26 18 21 31,7971 5.0193%  0.C138 - 0.0237 | 6232 18 21 31.7446 &06Q 18 21 31.7540
7C 1 19 40675 } 9023 18 21 55,8377 RLCRT26 1B 21 47.7504 00,7193 02.C138 "C.0233 | 6032 18 21 47,7449 &Con 18 21 47.7%44
70 1 19 40675 | 9073 1B 22 11.8372 B,35726 13 22 3.757¢ r.0193 0Q.CI38 €.C233 1 6032 1B 22 3.7445 6060 18 22 3.7540
70 1 16 4C675 | 9C23 1R 22 27.837t B.CAT726 18 22 19,7498 C.0194 0.0128 Q0.0223 P oan3dz 1A 27 19,7442 6M60-18 22 19,7537
7¢ 1 25 acAll 1 9723 15 16 7.2483 R.10399 15 15 54,1443 0,0127 $.0146 C.0138 |} &032 15 15 54,1442 6060 15 15 54,1454
70 1 75 4Cell } 6C23 1S 146 18,2478 9.1029@ 15 16 17,1638 0.7125 0.Ct14% C.0L37 | £032 15 16 1D.1458 6060 15 16 17.143%9
70 1 25 4Me11 ] G023 15 146 34,2471 R.10399 15 16 26.1431 C.0124 C.C144 Cu0136 | 6032 15 16 26,1451 6060 15 16 26,1443
70 1 2% 4G&11 | 9023 15 16 SC.2466 AR,10299 15 16 52,1624 G,0123 0.C163 C.0136 | &032 15 16 42.14486 o060 15 16 42,1438
FC 1 25 47AL1 1 GC2% 15 17 6.2657 B.1C399 19 la 38.1417 L1270 DLC143 CLC133 1 6032 15 1o S58,143H. 6067 15 16 58,1428
76 1 26 4CALZ L S023 15 17T 11.0311 B8, 10683 15 17T 2.5243 0.N123 ©.{141 C.C136 | 6032 15 17 2.9261 6260 15 17 2.925%6
70 1 76 496172 1 9723 15 17 27.0212 8.1G68% 15 17 18.9244 C.C122 0.0140 C.01356 | 6022 15 17 18,9262 6762 15 17 18.9257
7C L 2& 40612 | 9023 15 E7 43,0308 A.10683 15 17 26,9240 0.7122 90,0139 0.0134 1 6032 195 17 34,9259 &C60 15 1T 34,5254
TC 1026 4TALR | 9723 15 17 59,0373 %.10683 15 17 5C.9240  Ca0119 0.0139 00123 | 69232 15 17 %0.9760 &760 15 17 50,9254
7601 TH 42612 ] G027 15 1R 15,0298 R.10e33 16 18 4.9270  $.C011R C.0138 C.0132 § 6032 15 18 6.9250 6760 15 1A 6.9244
¢ 01 27 7613 | sC23 15,1 L0292 8.1056T7 15 16 0.919% 06,0128 C.Cl47 C.0143 § 6732 15 16 £.9209 6060 15 16 0,8710
7001 27 40413 1 6023 15 16 25.0293 R.1£957 1% 16 16,9194 O0.0127 0.C141 0.C142 | 6032 15 16 16,9210 8062 15 16 l6.9211
1 AT AMAY3 L o023 15 16 41.02%2  BL10967 15 1é& 32.9168% C.7126 0.CisC 0.0149 ] 6937 15 16 372.9209 o060 15 16 372.9209
70 1 27 5613 | 9023 15 16 ST.0287 A,10967 15 16 48.9190 (.N124 C,.C139 (.01%2 | #4032 15 16 48.9205 4040 15 16 4B.9205
TO 1 27 40613 [ 9023 15 17 12,0284 8,10687 15 17 4,9187 C.0123 C.Ci38 C.C138 {1 an3z 15 17 4.9222 606D 15 17 64,9202
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2.2 Adjustment of the World Geometric Satellite
- Network (WN14)

2.21 Comparison with Other Solutions

Subseguent to the Twelfth Semi-annual! Status Report where the de-
tails of the OSU WNI14 Sclution were reported (for a summary see Attach-
ment 2-2 at the end of Section 2), and utilizing the new data available_ (see
sections 2.11 to section 2.13 above), the following transformations between
OSU Solution WN14 and other scolutions were made:

(a) with NGS (Geometric) (Table 2.2-1)

(b) with NGS (Final Combined) (Table 2.2-2)

(¢) with GEM 6 (Table 2.2-3)

(d) with SAQ-UI (Table 2.2-4)

Based on the ahove transformations IFigures 5.1-2, 5.4-1 and 5.4-2
in the Appendix of the Twelfth Semiannual Status Report (see as Figures 3-5
in Attachment 2-2) were redrawn incorporating the new information mentioned

above. The revised figures are given as Figures 2.2-1, 2 and 3, respectively.

2.22  Supplementary Work to NGSP report

Our world net solution WNI4 has many areas where the strength
of the net can be further improved with inclusion of extra observations.
_ In this connection, it is proposed to improve the solution WN14 with
the incorporation of ISAGEX data vide section 2.14. ‘The preliminary
screening, extraction of useful data and reduction of obsefvations 80 far

available has been started.
Similar action in respect of the WES’I‘ and EURQATFRIQUE and

Baker-Nunn/BC-4 connection data will be taken on its receipt.

For other supplementary work see also section 3.11.
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Transformation: NGS (Geom.)-WNI14

SCALE FACTOR AND ROTATION PARAMETERS CONSTRALNED

—— - e i ——

L i . o s B o g o i e e e L e e e B et e e o e g e g e " a7 o o . =

(USING VARTARCES ONLY)

21

pu bv D DELTA DME GA Pl EPSILON
METERS HMETERS METERS (X1.D+6) SECONDS SECUNDS SECONDS
“le1ll 7421 11465 =2.27 0.11 -0,05 ~0.08
VARTANCE =~ COVARIANCE MATRIX
S02=  1.03
0.844BHI0  0.121D-02 ~0.2030-02 ~0.2170-09 0.3200-08 0.434D~08 0.130D-09
0.121D~02 061030401 0.650D-04 0.429D=~08 0.1240-08 -0.161D~-09 ~0.459D—0&
~0.203D-02 0.650D-04 0.1270401 —0,43%0-08 0.1830-10 -0.145D-08 ~0.5020-08
~0.317D—09 0.4290-08 —0.435D~06 Go2130=14 ~0.5210—-17 —0.4020-17 0.477D-17
0.3280-0B 0.124D-08 0.183D-10 ~0.5210-17 ©.2110-14 ~0.185D-15 0.550D-16
C 0434D~CE ~0.161D-09 ~0.145D-06 =0.4020=17 ~0.1850-15 0.2530-14 G.196D~16
0.1300-09 -0.4990-08 =0.502D~08 0.4770=17 0.5500-16 0.196D=16 0.2830-14
COEFFICIENTS OF CORRELATION
0.1000401 0+1300-02 ~0.196D-02 ~0.74E0-02 0.777D-01 . 0.9410-01 0.2650-02
0.130D-0Z 0.100D+0L 0.5660~04 0,515D0-01 0.264D-01 ~0.314D~02 ~0.9230-01
~0.196D-02 0.566D~04 0.1000+01 -0.842D—01 0.353D-03 =0,256D-01 ~0.835D-01
~0,7480-02 0.9150-01 ~0,8420-01 0.100D+01 ~0.2450~02 =0.1730-02 0.194D—02
0.T77D-0L 0.264D=D1 0.353D0=03 —0.245D-02 0.10004G1 ~0.8000-01 0.224D~01
0941001 ~00314D~02 ~0o2560-01 ~04173D—02 ~0.B600D-01 021000401 0.7340-02
0:2650-02 =0,9230-01 ~0,835D0~01 0.194D~02 0.224D-01 0.734D=02 0.100D+401
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WNl4e ) V2 ( RGS~GECQ) Vi - v2

0.8 0.3 6065 Zodt =B.G  =Z.8 2.7 6.1
-0+l ~1lal LO6T =15%.7 0.9 10.%9 16.3 ~1.0
—0.7 1.9 606 5.2 5.0 ~10.% 6.0 =5.7

3.8 —Z.7 EGED  =3ab ~Gab B 4.7 13.5
"'2::2 -'U-‘r (‘)072 "'303 1"‘!'99 lob 4n8 ‘—I_Teu
~0.9 1.4 6073 1.4 fol —=5.7 ~1.8 —7.5
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0 .TREL+DO
QT 0-0%
~03229D"03
~0.7110-0%
" =0.1010-09
0.9930-09

3.1 22D-10

0.1000+01
0.L01D-03
=0.2600-03
~0.2200D-01
-0.3160-02
002550—01

~0.345D-03

Table 2.2-2
Transformation: NGS (Dyn.)}-WNi4

SCALE FACTOR AND ROTATION PARAMETERS CONSTRAINED

.._._...-.-....-—...._.....-._..—.__a_-..—.....-.._.__.......-.....-.__.-...-—.-—_-..._._.__..—..__.——..-._-.

pu

DV DW DELTA: OMEGA PSI EPSILON
METERS METERS METERS (Xl.D+6) SECONDS SECONDS  SECONDS .
16.80  9.29 -3.20 -z.28  0.08  -0.06  -0.08
VARIANCE - COVARIANCE MATRIX

= 1,07

G;T?&D—Oé ~0.229D-03 ~0.711D-0% ~0.1010--0% 0.9930-09 -0.1220-10

0.#93D+00 —0..7190~D4 ~0.241D-0% 0,.7850-09 ~0.379D=-10 —0.,785D-0%
~0,7T19D~04 O.J9BBD+G0 ~0,665D-09 Q.626D0-10 —0.9660-09 0.469D-09
”0-241D"0§ ~0.6850-09 0.124D-14% "Q-TUOD—IQ 0.1580~18 ©0.154D-17

0.78é0—09 0-5260“10 —0.7000-19 0.128D=14 -~0.702D-16 0.647D-16
~0.379D~10 =0.966D-09 0.1580~-18 —0.7020-16 0.164D=14 =0.132D=16
~0,785D~0G 0.4690-09 0.154D-17 0.647D~-16 -0,132D-16 0.1580-14

COEFFICIENTS OF CDRR&LATIUN

0.101D—=03 —=0.260D~03 ~0.228D-01 ~0.318D-02 0.2850~01 f0-3450—03

0.1000401 —D.B12D-04 ~0.T68D~02 0.246D-~01 =0.108D-02 ~0,2210-01
~0.8120-04 0.100D401 ~0,196D-01 0. 74D-02 =0.2470~C1 0.119D-01
20.766D-02 ~0.1960-01 0.100D+01 -0.5550-04 0.114D=03 0.110D~02

0.246D~01 0.176D~02 =0.5550-04 0.100D+01 =0.4990-01 0.454D-01
~0.1OBD—52 02247001 Onlléﬁ“03-—0u499D"Ol 0.,100D401 ~0.8450~-02
~0.2210-01 0o119D-01 0.1100-02 0.454D-01 0.100D+01

fUSING VARIANCES ONLY)
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S02=

0. 779000
=0.9220~03
0.2020-03
=0.1050-08
0.2210-08
0.2640~08

0.5500-10

0.1000+01
~0.1210-02
0.3880-6G2
~0.356D-01
0,.,9760-01

0.707TD-01

" SOLUTION FOR 2 TRANSLATIONy 1 SCALE AND 2 ROTATION PARAMETERS
(USING VARIANCES ONLY!
oU DV o DELTA OMEGA PS5 EPSILON
METERS METERS METERS (X1.Dv6) SECORUS SECONDS  SECONDS
17.55  11.01 4,52 0.6E 0.09 0.14 0.11
VARIANCE ~ COVARIANCE MATRIX
1.01
~049220-03 0.3020-03 ~0.105D0-08 0.3210=08 0.264D-08 (<5500-10
0.T42D+00 0.162D=~07 0.3340-08 0.122D-08 —0c6210-09 ~0.2960-08
Galb20-02 0.7T60+00 =0.2520-08 0.562D~09 ~0e1800-08 ~0.416D~08
De334D-0B =0.252D~08 0.1110-14 ~0.2280-18 ~0.397D~18 0.1550-17
0.123D=08 0.5620~09 ~0.2260-18 0.1390-14 ~0,3450-15 ~D,105D-15
~0,621D—09 =~0.1B0D~08 —0,597D—18 —~0.3490~15 0o1780~14 0.1730-15
—0.296D~08 ~0,418D-08 0,1550-17 ~0.1050-15 ©0.172D-15 0.137D-14
CUEFFICIENTS OF CORRELATICN
~01210-02 0.388D-03 ~0,3560~01 0,9760-01 0.707D-01 0.166ED-02
01000401 0.2130-02 0.116D+400 0.3840-01 ~0.1710-01 —0.927D—01
0.2130-02 0.1000+01 ~0.8570~01 0171001 —0.483D~-01 ~0.1280400
0.1160+00 ~04857D-01 041000401 ~0.184D~03 —0.282D-03 0.126D-0Z
0e384D-01 0.1710~01 -0.184D-03 0.,100D+01 —0.2220400 ~0.7590-01
~0 171001 =0.4830-01 ~0.2820-03 ~0.222D+00 0.1006D+01 0.1110+00
~0.927D-01 ~0.1280400 0,1260~02 0.111D4G0  0.100D+01

0.1680-02

Transformation: GEM 6-WN14

SCALE FRCTOR AND RDTATION FARAMETERS CONSTRAINED

A g L - L ke e S e B B i o e S i o e Ay S S Y R T A Y R e B T s i S B
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s02=
0.1550+01
0.7T10D-U3
~0717D~03
. ~0+1850-08
0.+499D-08
0.337D-08

0.6930-10

01000401
0.4530-03
~04550~03
=0.3272D0-01
0.764D-0]
0.4B820--01

G.1000-02

Transformation:

Table 2,24
SAO TI-WN14

SCALE FACTOR AND ROTATION PARAMETERS CONSTRATNED

e T T e e e Y . P e A e B e s S B e e Ml e e T A ) S ok R S PO e e

(USTHG VARTANCES QNLY)

DELTA

OHEGA

Psl

SOLUTION FOR 3 TRANSLATION; 1 SCALE AND 3 ROTATIUN PARAMETERS

T s L e o T SR . R e i B e e e e oy . o S W Bk B4 o o e Ml . 7 T o A -

EPSILON

METERS METEKRS HMETERS (X1.D+46) SECCNDS SECCNUS  SECONDS

G2

0,33

VARITANCE — COVARIANCE MATRIX

DU Dv DWW
15042 15056 “1102‘[-

0.94

(.710D~03 ~0.717D~03
01l59D+01 0,.2510-02
0e2510-02 0.160D+0]
0.315D0-08 ~0.2330-03
Ue263D-0B (4493009
~0.532D-09% =0 ,.,367D-08

~0.3560D-08

0.4530-03
GelOOD+G1L
0157002
0.624D~01
0.397D0-01
"U.TSIbeZ-

~0.5090-01

~0.5990-08

0 1850-0a
0315008
=~0.2320-08

0160014

~0.8550~18"

~0.826D~18

O.184D-17

0.499D~08
0.2630-08
0 «4930~09
~0.655D~18
0.2760-14
~0.194D-15

~0.164D~15%

COEFFICIENTS OF CORRELATION

0455003
0.157?—02
0.100D+01

~0.460D-01
Go7T400—-02

~0.516D~01

—~0.8530--01

~0.37T2D-01

0.624D~01

~0,460D-01

0.1000+01
~0e407D~03
—0.368D-03

0.B30D~G3

30

0,7640-01
0.3970-01
0.7400-02
~0.407D~032
- 0.1000+01
~0.6565-01

—0.563D~01

0.05

0.2270-08
~0.532D-0%
~0.3670~08
~0.626D-18
~0.1940-15

04315014

0.322D-15

0.482D~01
—0.7510~ﬁ2
~0.5160~01
—0;368D—03
—G.656D-01
0.100N+0]

0.103D+00

~(e 04

0.6930-10
-0.3560-08
-0.5¢9D0-08 .

D.184D~17
~0.,164D~-15

0.,3220-15%

0.308D-14

¢.1000-02
=0.509D-01
=-0.8520-01
0.630D-03
0563001
0.102p+C0

0.100D40])
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Table 2.2~4 cont.

RESIDUALS V

Vi{ HN14 ) ' V2({ SAD-I11}) Vi - v2
6064 0.0 ~0.0 0.1 G064 1.3 ot . =3.2 -latt 1.7
6065 ~0.0 -0.0 =0.i 6065 1.5 267 107 =1l.3 —2.9
6067 Qo4 0.3 =-0.4 60T ~T.2 ~4.7 6.5 . Tet .0
6068 ~l.4 =1.0 =l.6 &068 4.8 2eb 2.8 —6a3 ~h&.hH
GO 6 0.1 0.2 0.0 6069 —~3.1 =%.2 -l.2 3.1 9.2
6072 06 —0a4 02 6072 ~11.1 17.1 =5,8 11.7 ~-17.5
6073 00 ~0.4 O.4% 6073 ~0.5 12.9 -lC.4 D.5 ~-14.%
6075 —-0.2 =0.4 O 6075 45 1)1.5 ~1l1.2 4.7 =11.9
6078 ~0.6 0.3 3.8 6078 10.8 —H.4% —42.5 ~1l.4 B.7
6l11  =C.l 0.0 02 6111 1ol -0e4 =1.5 ~1.3 Qodr
6123 © 0.1 -0.0 0.l 61237 ~5.3 Le7 ~bH.0 5.6 —1.85-°
6134 —0.l 0.0 Nel 6134 1ed =03 <l.4 ~1.3 0.3
"BOLS —6.2 2244 ~3.6 BO1L Te2 ~Ta2 3.t ~lZ.4 29.%
8019 —C'eq 1493 —Qe 8019 501 "'2009 (8 -G, 0 %502
9001 -B.7 2ab 2.3 9001 12,2 -B.8 -5,.8 ~71.9 1l.4
9002 =-2.3 -~lsb6 -2.6 9002 4.3 3.1 e 6.5 ~4.7
004 2.1 24.6 ~Z.4 Q004 6al =—H.5 5.2 =6.2 33.1
9005 7:43 "'4‘&:7 497 9005 “1fje‘f 10.‘! "'1419 22.7 "‘1501
90(}6 12»4 "'996 302 9006 ""301 12-3 —'3-5 15-5 —'21-9
9007 lab =244 —B.O 9007 —-5.0 57 Bed . ot ~HB.1
08 1.8 =27 1.1 G086 3.8 Tl =2.5 -5e5 ~G.H
o009 Dut -0.2 0.3 900¢ —4.2 3.0 =1l.95 4wt =3.2
9010 G.6 0.0 1.3 9010 4ot =0.2 ~B.5H 5.3 0.2
90131 0.7 ~0.1 =5,.8 9011 ~b,.1 0.7 15.0 5.8 —0.E
9012 Osz 200 Ow5 9012 _Ot.f -84 -1.80 Oug 104
9021 6.1l ~2.8 ~3.8 9021 ~—E.E  4.B 6.5 11.9 =7.7
9028 003 "‘092 1&? 9028 "anl 305 "19-5 Gate "_;97
29 0.5 Ce3 =~0D.6 G029 ~T7:2 4.8 6.2 a7 S.2
2031 0.7 3.1 ~B.7 o051 1.3 "5-2 .‘ G 8 =2.0 G2
FOUL  —2.9 23.3 1.4 3091 10.6 —12.9 5.3 —-13.6 327.2
9424 ~l.7 1.1 0.6 2114 lB.5 ~§.9 ~h.H =-20.2 10.0
G425 ~0a2 ~0a«0 G.3 2112 lo4 . Gal —2a3 ~l.6 -Ja.1
G426 0-52_ 405 ~1e3 9115 ~{laB ~1%.5 1502 ]-0 ?zitl
9427 4.5 =220 Gal G117 —-10.0 9.8 =-9.08 145 =31.7
9431 —-10.1 Te5 =1.0 Q074 22,2 =-2E.5 6.6 ~32.4 36,1
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Figure 2.2-2

Zero Meridians of Various Solutions Relative to

that of the WN14 Solution.
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Ref : Your Apri% 27 and August 7 letters -

Dear Dr. MUELLER,

Please find enclosed a fape and a print-out of ali
ISAGEX data which are part of a simultaneous event, '

This tape includes all observations of every pass
during which there is a simobs, according to the simobs cata-
logue in the ISAGEX / 17 document. :

Data are given. in the formats described ir the
ISAGEX / 16 document (ISAGEX Data handling Booklet - April -
1973). -

The tape includes two files with an end of file in

between (EOF). The first file contains the laser data, the sew-

cond file the optical data. The tape is unlabelled, 7 tracks

556 BPI, BCD Code (even Parity) and has been made on a CDC 6500
computer (SCOPE 3.4. Systemnm). -

' These data are not validated. However, some timing
errors had been found on the SAO GEOS 2 flash observations. SAQ
has recently provided corrected data, They are enclosed on

punched cards and corresponding print-out. They are to replace
the data on the tape.

Updated catalogue of simultaneous observations will

be distributed in the future. Please jet me know if you want
to receive new data.

Best regards, .~ ‘_é /
C. { { \ 'U" 41 .
. /- "~ Gérard BRACHET
%6 1 1sAgEX, Project Manaser




Attachment 2-2

EARTH PARAMETERS FROM GLOBAL SATELLITE
TRIANGULATION AND TRILATERATION

by

Ivan I. Mueller
Department of Geodetic Science
The Ohio State University, Columbus

Presented at the International Symposium on Earth's Gravitational
Field and Secular Variations in Position
Sydney, Australia, November 26-30, 1973

Abstract .

Results obtained from a 159-station global satellite
triangulation and trilateration {including Baker-Nunn, BC-4, PC-1000
camera observations, SECOR, C-Band radar and EDM distance measurements)
indicate differences in the semidiameter and orientation of the Earth
compared to results obtained from dynamic satellite solutions. Geoidal
undulations obtained can bes made consistent with dynamically determined
ones at the expense of slight changes in the currently accepted parameters
defining the gravity field of the level eliipsoid,.

37



1. INTROBUCTION

The global triangulation and trilateration forming the basis of this
paper was performed as part of the U.S. National Geodetic Satellite Program. .
A summary of the networks involved -in the adjustments reported here (solutions
- WN) is presented in Table 1. The data for the MPS and BC nefworks was obtained
through the National Space Science Data Center. The Defense Mapping Agency
prdvided observations for the SECOR and the.SA networks (Topographic Center
and Agrospace Center respectively). The sources for the constraint informa-
“tion are ]isfed in Table 2. Fig. 1 shows the combined network (WN). Different
symbols indicate the various instruments utilized in the observations. Con-
*centr%c symbols show collocated stations or neérby sfations with relative
‘positions known from geodetic surveys. The straight lines between some of

the stations illustrate the locations of the baselines.

2. REFERENCE ELLIPSOID, ORIGIN AND ORIENTATION
The least squares adjustment of the observations was performed in terms
of the Cartesian coordinates of the tracking stations. The results are also
converted into geodetic coordinates (Tatitude, longitude, height} referenced

- to a rotational ellipsoid of the following parameters:

it}

a

b

6 378 155.00 m

6 356 769.70 m

The corresponding flattening is

f = 1)298.2494985 = 0.003352897507
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Table 1

Basic Informa{ion on the OSU Solutions (Networks)

sy , No. of Constraints Used

Solution | No. of No. of Retative | Scale | Station Direc~ | 8oy | 7Refer-
(Network) | Stations | Observations| Origin | Position | (Length)| Position| Height!| tional ence

" 1Mps 65 28774 inner g 7 R 63 -- |1.07] 1a8
2g¢ 49 30302 {nner 2 7 - 48 - {2.80[ 193
ISECOR 50 28844 Anner 14 -- -- 37 9 137 195

| ush 14 2528 inner 3 | - | 18 — |2.50] 19
Nl 159 50444 | fnner | 43 1 e | 188 | == J1.02{ 199

1MPS includes 14 PC-1000 stations, 15 MOTS-40 statfons, 1 PTH-100 station, 7 C-Band stations,
6 Furopean stations {8000 series), and 23 SAO stations {92000 series).

'2BC includes all 49 stations of BC-4 WorTdwide Geometric Satellite Network.

3SECOR includes 37 SECOR stations of the Equatorial Network and 13 collocated BC-4 camera stations. -
“SA includes 9 PC-1000 stations of South American Densification Net and 5 BC-4 stations.

SN inc1udes§a11 the above-mentioned four networks, namely, MPS {less one C-Band station: 4742),
BC, SECOR, and SA.

6A posteriori standard deviation of unit weight.

70SU Department of Geodetic Science Report No.
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Table 2

Summary of Constraint Types with the Source Information

DGFI
DMA/TC
DNP

NGS
NVIL
SAO

Code Constraint Type ' Source (Agency)*
Relative Position
1 BC~4 - Baker-HNunn SAD, NGS
2 BC-4 ~ SECOR DMA/TC
3 BC-4 - BC-4 : ‘ NGS
4 Others : ~ Osu
Height
5 MSL (mean sea level heights) CSC, NGS, NWL
6 Geoidal undulations 0SU [Rapp. 1973]
: ‘Lenqth (Chord) -
7 North America ' . | ) NGS
8 Europe - NGS, DGFI
9 Africa o NGS A
10 Australia NGS, DNP
11 C-Band ‘ _ NASA/4allops Isl.
¥ CSC Computer Sciences Corporation

Deutsche Geoddtisches Forschungsinstitut

Defense Mapping Agency Topographic Center

Division of National Mapping, Pept. of Nat10na]
Development, Australia

National Geodetic Survey .

Naval MWeapons Laboratory

Smithsonian Astrophysical Observatory
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" Fig. 1 0OSU Geometric Satellite Network (WN)




The'origin of the coordinate system {or the center of the_above ,

reference e1T%psoid) is free as determined through the "inner" constraints

explained in [B1aha, 19717. The orientation of the system is imherent in
‘the optical observations, through the star positions in the SAO catalog
treferenced to the FK4 system) updated to their apparen? positions at the
epoch of the obsérvation, and through UT1, x and y (cobrdinates of the true =
pole with respect to the CI0) as der%ved By the BIH. Thus the poﬁitive end
of the axis u is in the direction of the Greenwich Mean Astéonomical Meridian
{and the zero.geodetic meridian of the reference e]]ipsoid); the posftive

W axis passes through the Conventional International Origin (and coincides
with the minor axis of the reference ellipsoid). The axis v completes the
right-handed coordinate system in the direction of- the 90°(E) meridian, and
with the u axis defines the plane of the average terrestrial (geodetic)

equatlor.

3. SCALE
The scale in the solution is defined_through the dominating nearly

 -30,000 SECOR_range observations, thrdugh the lengths of eight EDM
(Geodimetér or Tellurometer) and three C-Band baselines, and also thfough

‘a specia1 procedure using constrained ellipsoidal heights.

3.1 SECOR Observations

. Thg_SECOR observations have an a poster}ori standard deviation of-
#4.1 m or approximately one part per mi]i%on [HMueller et al., 1973b]. Thé
stale is propagated into the network tHrough fifteen optical'statiohs ﬁhose
fe}ative positions'with'respect to the nearby SECOR stations are main- -
"'tained in the adjustment with their suryéy coordinate-differences entered

as weighted constraints ,
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3.2 Baseliﬁes
The available EDM and C-Band baselines are listed in Tab1e'3. The

chord distances shown are entered in the édjustment as weighted constraints
with weights computed from their estimated a priori standard deviations as
listed in the table. The reasons for rejecting the east-west Australian
‘tellurometer line (6032-6060) are explained below. Three C-Band 1ines were
also rejected because of suspected ervors in the survey coordinates of the
- terminal stations (Kauaj (4742) in Hawaii and Pretoria (4040) in South
Africa) needed to tie them to the nearest optical stations (9012 and 95002

respectively). Though these four lines were not constrained, at the end of

Table 3

Chord Constraints
Chord Distance 1 Source
Station-Station (meters) o x 10% 7| Code?

6002-6003 3 485 363.232 1.00 .7

- 6003-6111 1 425 876.452 1.71 7
6006-6065 2 457 765.810 1.43 8
- 6016-6065 T 194 793.601 1.18 8
6063-6064 3 485 550,755 1.18 9
6023-6060 2 300 209.803 2.00 10
6032-6060 * 3 163 623.866 2.00 10
6006-6016 3 545 871.454 1.00 8
3861-7043 1 531 562.9 1.33 7
4082-4050 * 10 809 592 1.33 11
4082-4742 * 7 362 142 - 2.00 11
4082-4740 1 593 106 _ 2.00 - 17
4082-4081 1 230 691 2.00 1
4082-4061 2 288 D26 2.00 11
4742-4280* 3 977 684 2.00 -1

1ysed in computing the weights.
2 Refer to Table 2. -
* Rejected from the solution.
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the anaiysis two of them (6032-6060 and 4082-4050) compared well with the
lengths computed from the adjusted coordinates (see Table 8). Thus the
-only station with survey coordinates in definite error is Kauai.

To get a feeling for the quality of the EDM baselines listed in Table
3, four preliminary adjustments of the BC network were performed in which
the four longest scalars were individually constrained to their measured
Iengths and their effect on the other (unconstrained) baselines investigated.
- The results are shown iﬁ'Tab]el4 in the form of the differenﬁes "adjusted-
measured”" Tengths {ad). Only independent tines longer than 2000 km are
shown since the adjusted'lehgth of a short 1ine, due to the geometry result-
ing from the high altitude of PAGECS, the sateTlite_ﬁsed in the BC net, is
not reliable. From the table it iS clear that holding the east-west

Australian line {3032-6060) to jts measured value results in unreasonable

larger differences of generally opposite signsithan %n any other case.

Table &
Adjusted - Given Lengths (m)

Solution BC-8 BC-9 BC-10 BC-11
Line Fixed. 6002-6003 68063-~6064 £032-6060 6006-6016
6002-6003 -0.0 - 8.6 33.8 12.4
6006-6016 -13.3 -20.9 22.1 0.0
6063-6064 6.1 0.0 0.5 19.1
6023-6060 - 0.5 -14.6 12.4 - 0.7
.6032-6060 -29.5 -36.6 0.0 -17.5

 ad (m) -46.2 -83.6 108.8 13.3
2d 6 - - .8 0.
Lfv1ength x 10 2.89 5.23 £.81 33
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To verify the suspicion that something is wrong with the given measured
value of line 6032-6060, a free adjustment was performed, in which.both the '
origin and the scale constraints were “free" [Blaha, 1971]. ‘it is expected
that the variances obtained from such an adjuétment_wou1d primarily reflect
the geometry of the situation. 1In other words fhe variances of the various
Tengths would be due to the geometry of the nétwork and free oflthe quality
of the measured lengths. If the estimated variances of the measured lengths
(Gﬁsrd)z are added to those obtained from the free adjustment (eree)z, an
estimate is obtained from the maximum expected variances of the Téngth dif-
ferences (ozzt)z. If an.actual length difference is found to be 2-3 times

greater than this estimated standard deviation, the measured length becomes

"suspect. The result of such an analysis is shown in Table 5.

Table 5

Adjusted - Measured Lengths (ad) from
a Free Adjustment

. free msrd est

-Line o4 ~{m) Og (m)* - g {m) ad (m)
6002-6003 4.2 3.5 5.5 fqg.g
6006-6016 4.5 3.5 5.7 -17.
6063-6064 4.4 4.1 6.0 2.4
6023~6060 4.4 4.6 6.4 =12.1
£032-6060 4.3 6.3 7.6 -33.1

*From Table 3.
From the table it is seen again that 1iﬁe 6032-6060 is out of bounds.
Another way of evaluating the effect 6f a scalar is through the semi-
-~diameter of an ellipsoid best fitfing the geoid resulting from a solution
(see more of this in section 3.3). In this method the undulations for each

station are computed (E11ipsoidal Height - Mean Sea Level Height) and, after
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suitable transformations for shift in origin, are compared with some standard

set of undulations (in this case with those in [Rapp, 19731). The average

difference of these two sets of undulations {aN) is equiva]enf (with

opposite sign) to the difference between the semidiameter of the reference

~ ellipsoid {a = 6 378 155 m) and that of the level ellipsoid of the same

flattening to which the "standard" undulations refer.

Three sets of such comparisons were pérformed. One with the baselines

constrained with weights corresponding to the standard deviations listed in

Table 3, one with all Tines constrained to 1:3 M, and one with 1:30 M.

Kithin each set the adjustment was performed with all 6000 EDM Tines con-

strained and also without the 1ine 6032-6060 (seven 1ines).

The results are -

shown in Table-6. In addition tpithe senidiameter of the best—fittﬁng

tevel ellipsoid, the table alse contains the aVerage standard deviations of

a single coordinate {¢? =

and the ratios adjusted-measured lengths/lengths: &

2+ 2+2
S T % o)

as well as those of the heights (sH)

Ad
Tength®

Table 6

Comparison of Seven- or Eight-Baseline Solutions

N :. . a . b fo3

Solution| No.of Lines | Type of zAd 106 (tevel ellipsoid) H

- -] Constrained | Constraint | “Tength™ = | 6 378 000 + (m} | (m)| (m)
BC D12 8 | asin .81 0 124.1 +£11.6  }6.3]8.1
BC D 2 7 Table. 3 19 118.4 +11.2 6.2]8.3
BC D7 8 T3 M .08 . 128.0 +10.8  [6.1]7.7
BC D8 7 L 04 ) 119.7 + 11,2 6.2 7.9
BC D 9 8 —— 02 0| 127.0 2107 9] 7:2
BC D10 7 DA 01 | 1180 11,2 [6.0]7.3

From the table it is evident that though the varying type and number of

constraints do not changé significantly, the quality of the coordinates in
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the seven-baseline solutions (D2, D8, D10) the adjusted Tengths agree much
better with .their measured values than in thé eight-baseline solutions (P12,
D7, D9). It is also seen that the inclusion 6f the single east-west
Australian Tine increases the semidiameter by thé unreasonab1e amount of
© 6-9m (1-1.5 ppM) in all cases.
On the basis of the results in Table 4 - 6 and also based on other
calculations not reported here, the measured value of the Bustralian line
 6032-6060 was rejected as a useful constraint. _
The high standard deviatiohs attached to the semidiameters of the level
ellipsoids in Table 6 also indicate the questionable value of only seven
or eight baselines in scé]ihg a global network regardless of their individual
quality. Thé inclusion of height constraints in the solution is an attempt

for a better scale.

3.3 Use of Constrained Ellipsoidal Heights As Scalars

The use of geodetic (ellipsoidal) heights as weighted constraints as

a contribution to the scale requirés a more detailed explanation (Fig. 2);

: 1. 72 . - -
TOPOGRAPHY W/ % |

" H MSL

¥ SHORT WAVE LENGTH TERM (3N)
. NI LONG. WAVE LENGTH TERM (N o)
{ ADDITIVE PLUS SHIFT TERM (AN)

. REF,ELLIPSOID ~

Fig. 2 Height components,
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The height (H) aboye a geocentric reference ellipsoid has two

main components: the orthometric (mean sea level) height (MSL) and the
geoid undulation (N). In this geocentric case, N consists of a long-wave-

length component N___, a short-wave-length terh‘ﬁN, and an additive part

REF
Aa. The term N generally corresponds to regional gravitational effects

REF
and can be computed, e.é., from a truncated spherical harmonic series.
The short~wavé¥jengtﬁ part &N corre§poﬁds to local gravity or mass dis-
turbances and is generally not.coﬁtainéd in_theAsphérical harmonic rebre~
" sentation. The additive part Aé is the so-called zefo#dégree term which
'may exist due to the fact that the ellipsoid may'not be of the same size
(though it is of the same flattening) as the "best" (mean earth) level

ellipsoid to which the undulation, N, .., are referénced. Since the N

REF REF
undulations are, within reasonable limits, insensitive to the semidiameter
. of the level ellipsoid, it is difficult to define a correct value for sa.

If the reference ellipsoid is nongeocentric, as is the case in this

so1ufion, an additional height term {dH) arises due to the "shift" of
the arigin (ellipsoidal center) with respect to the'geocenter.

Thus the geodetic height may have the following components:

MSL + N D e D

H
N

N o+ N+ aN T 2
" R

where [Heiskanen and Moritz, 1967, p. 207]

AN = Aa+dH = pa+ u; COS¢ cosA + v, €0sd siﬁl + wosiﬁ¢ {‘3)
sda = a (level ellipsoid) - aA(reference ellipsoid) -
U Vo W are tﬁe coordinates of the geocenter with respecf to the
| center of the feference ellipsoid (origin)
:¢,—1f are-the geodetic coordinates of the station to which H

fers o
refer g8



In practice at most satellite tracking stations, the quantity
MSL + NREF is well known, and generally it constitutes the largest portion
of the total height above the level ellipsoid. The additive + shift term,
AN, can be determined empirically through an iterative interpolatian
procedure as described 1afer. Since M3l + NRE? + &M constitute the

largest portion of the total height above the reference ellipsoid, it

seems reasonable not to-ignore this, admittedly partial, information on’the
-height of the station and to include it in the adjustment as a constraint
= | - 11 i justme d
(_HCONSTR MSL + ”REF_+ AN) with such a weight that the adjustment shoul
be able to "pull out" the only remaining component, the -short-wave-length
S ﬂ"‘ ‘- - ’ - : - - *‘!e
term, &N, together with possible errors 1ﬁ HCONSTR’ In this solution L?‘
standard deviations used in computing the weights vary from 22.5 m to 28 m

depending mostly on the location of the station, from thé point of view of
the extent of the available surface gravity observations in the area which
was included in the spherical harmonic expansion for NREF [Rapp, 1973].

In trying to determine the "best" scale for the solution or, which s
'thé same;rthe hbest"zadditivérterm Aa, the fir#t step is to establish the
.felationship betweeﬁ them. Thi§ problem differently stated is thé |
determination of the relationship between the adajtive term and the semi?
diameter of the l.’best" 1eye1 ellipséid to which the guantity NRE% refers.
The meaning of the term "best" will be elaborated on later in this section.
“This is accomplished empirically from a set of goiutioﬁs with height
constraints containing different additive terms, from aa = 0 to 30 m.
~ The shift term dH initialiy is estimated from comparisons with vérious
dynamic solutions, résu?ting in the coordinatés Us v, and L needed in
equations (3). These solutions result in sets of geodetic heights

(HNNi) above the reference ellipsoid and also in sets of undulations
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after subtracting the MSL:

.NHNi = HNNi - MSL

These undulations thus‘refer to the reference ellipsoid of a = 6 378 155 m,
whose origin is set by the inner constraint. Dis}égarding the shori-wave~
length term, the relationship between the undulations NHNi and NREF is
given by equaffons (2) and (3), from where, for any station and for the

splution WNJ:

(NwNi' - NREF) - (eai +u ; COSy Ccosh + v, Cose sim +
+ Vg sing) = 0 | |
Since the quantity (Nwﬂi - NREF) is known at all stations, the parameters
Aa., U .,V ., W . can be calculated {iterated) from least squares
i’ Toi’ Toi’ oi
adjustments for each set "i." This is the same as determining the size
(scale} and the origin of the Tevel elTipSoid which fits best the geoid

defined for a given set by the undulations Nwﬂi Its size is
: [

oAy = 6 378 155 + ba, o

and its origin with respect to the origin of the reference e111pso1d is
defined by the coordinates u i; Voi and w 01 After some iterations these
_coord1nates hardly change from solution (set) to solution (set), regard-
 less of the initial se1ect1on of aa; thus the re1at1onsh1p between the
input addieive term-and the resulting semidiameter, a;= f(aa), becomes
straightfcrward and Yfeear.

This empirically determined reTetionship is‘sﬁown in Fig. 3, as
the dashed line drawn from the lower left corner towards the epper right.
The eorrespondfng orqihate is on the right-hand sfde of fhe:diagram. The

Tine now allows either to pick the correct initial additive term which

_ when used in the height constraints would result in an a priori defined
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semidiameter (scale), or to determiné which semidiameter tsca]é) viould
cbrrespond to an a priori defined additive term. As an example, if the
SEm{diameter of the level ellipsoid best fitting the geoid was to be
6 378 142 m, the WN solution would require height constraints computed
with an additive term of -15 m. '

The next question, of course, is just how big should this desired'
: semidjameter be. Putting it differentfy, what criterion should be used
- to select the "best" scale? If the scale was to be determined only from
the EDM and C-Band base11nes and/or the SECOR observat1ons, these

questions would not arise since the scale would be inherently defined.

_The use of we1ghted height constraints, as explained above, provides a
unique tonl to select the scale to fit some criterion. There could be
several noninclusive criteria, e.g.,

{1) The lengths of the EDM baselines as computed from the adjusted

coordinates of the terminal stations should be {a) exactly the same

as the givenr1engths in Tab?e.3, or (b) their differences should
be within the 1imit of one {average} standard deviation, or {(c)
within a-certain 1iﬁit, e.g.,1:1,000,000, etc.
(2) Same as (1) but for the C-Band baselines. |
{3) The scale difference as determined from the station cdordinates of
';the KN so{ution and from the same coordinates of some dynamic
solution should be (a) exactly zero, (b) within the Timit of one
standard deviation of the scalé difference factor, (c} within

1:1,000,000, etc.

 {4) The scale difference as determined in-(3) should be within a certain

Timit with respect to all the dynamic solutions.

(5) The scale difference should be within a certain Timit with respect to

-all the dynamic solutions and the EDM and C-Band baselines.
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In order to be able té enforce any of the above criteria, first the
relationship between the scale difference factor and the semidiamater has
to be established. This is accomplished dgain empirically by determining
the scale differences between the different Wi solutions (used to determine
the function a = f{aa) ) and the EDM and C- Band baselines and the dynamic
solutions NWL-9D [Anderle, 19737, SAG 111 [Gaposchkin et al., 1973],
.GEM 4 [Lerch et al., 19721, GSFC 73 [Marsh et al., 1973].. The method of

calculating the scale-difference factor is described in [Yumar, 19727, and

the results are shown in Fig. 3 where, with the ordinate on the left-

hand side, the scale differences are plot against the semidiameters corres-
ponding tc the various Aa's used in the he%ght constfaints. The numbers

on the lines indicate re1ativé weights based 6h the uncertainties of the
- scale-difference determinations. It can be seen that the Tines representing
tﬁe gebmetric (EDM and C-Band) scale differences are mucﬁ Tess wei1
détermined thap the dynamic ones. As an examp]e, the scaTe d1fference
factor, between fhe WNi solution computed with sa = =15 m (a = 6 378 142 m),
'_aﬁd_fhe solutions MUL-9D is ~0.18 x 10-6; the GEM 4 is -0.68 x 10-% (the
dynam1c sca1es are Targer). Also, the Tengths of the EDM base]ines from
the adaustment d1ffer from the1r d1rect1y measured values by 1.38 x 10§
(the measured values are sma]Ter).

The diagram is used by recognising the importance of the var10us

jntersection points, marked by numbers. For exampTe, point 1 illustrates
-the fact that if the semidiameter of the level ellipsoid was 6 378 125 M,
the difference between the adjusted chord lengths and their given values
would be zero; point‘4 shows that with an a = 6 378 143 m there would be

no scale difference between WNi and NWL-SD. Fourteéh similar intersection

points are listed in Table .7 with wéights and interpretation.
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Table 7

Determination of Scale

Point Interpretation® Weight a Weighted Mean
' {m) a (m)
] WN = EDM 10 6 378 125.0 _
_ . , 6 378 125.8
2 N = C-Band 1 6 378 133.7 { (from points 1 and 2)
3 CWN = SAQ IT1 | 278 6 378 140.8
. 6 378 141.7
4 WN = MWL 9D 69 | 6 378 143.0 | {from points 1 - 6)
| o 6 378 142.0
5 WN = GSFC 73 66 6 378 144.9 | (from points 3 - 6)
6 WN = GEM 4 48 | 6378 144.1
7 | ¢-Band = SAO III 1 | 6378 143.6
6 378 142.7
"8 C-Band = GSFC 73 1 6 378 146.8 | (from points 1 - 14)
9 C-Band = MWL 90 1 6 378 147.1
10 C-Band = GEM 4 1 6 378 147.8
11 EDM = SAQ III 10 6 378 153.7
12 EDM = GSFC 73 8 6 378 154.0
13 EDM = GEM 4 9 6 378 155.2
14 EDM = NyL 9D 9 | 6378 160.5

From the table 1t is inimediately clear that taking the weighted mean
of the intersection points from the “geometric” scalars (points 1 and 2},
tﬁe "hest" semidiameter is 6 378 125.8 m, while from the “dynamic" lines
(points 3 - 6) it is 6 378 142.0 m. The difference of some 16 m,_or-
about 2.5 parts in a million, seems to be real but uﬁexp1ained at this
.time. The combined weighted mean from points 1 ~ 6 is 6 378 141.7 m;

‘while from all the points (1 - 14), it is 6 378 142.7 m.
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For the solution reported here (WN14)}, the criterion for the scale
is (5) above, i.e., that the scale should correspond well to all geometric
and dynamic informétidn available at present. Based on the above numbers
and on previously published parameters, a = 6 378 142 m was seiected. This
then requires an adjustmeﬁt in which the scale is defined, 1n addition fo
-the SECOR, EDM and C-Band observations, through heighi constraints with
the initial additive constant Aa = —TSIm.A As can be seen from Fig. 3
at th%s semidiameter the maximum scale difference expected between WN14
and any of the dynamic solutions is about 0.8 x 10‘5,.and with respect to
the EDM about 1.4 x 10-6 or 1:700,000 which is about the average standard
deviation of the EDM baselines. Using this scale the resulting geoid
undulations | | o

| LT i‘ T (4)
with

aN (meters) = -13 - 23.2 cbs¢.cosl - 2.9 cos@ simn + 2.7 siﬁ¢'
are consistent with-dynamicajly computed ones when the fo]]owing set.bf
‘constants defining the gravity fie]d‘of'the level e111psoid are used ‘

[Heiskanen and Horitz, 1967, p. 647:

f = 1/298.25 - ;_'(fiattening)

@ = 0.72921151467 x 10~%sec~!  (rotational ve]ocity)
a=6378142m | - -
W, = 6 263 688.00 kgal m o (geopotentiai on the géoid)

Derived from these are the following parameters:

3.68600922 x 10" m3 sec™! {gravitational constant x'eafth mass )

k2M =
Yo = 978.03226 cm sec™? - - (equatorial normal gravity)
J2 = 1 082.6863 x 1076 (second-degree harmonic)
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A1l the above constants are in gﬁod agreement with their current best
estimates. The parameters in eguation (4) (pa = -13 %£0.7 m,
u, = -23.2 +0.9 m, v, = ~2.9 £0.8 m, W, = 2.7 £1.2 m) are the result of
fitting an ellipsoid to the WN14 geoid as explained earlier in this section,
and they represent the sizé and the position of the best fitting Tevel
ellipsoid with respect to the reference ellipsoid™ (of the same flattening).
In case of a good gTobé] station distribution the center of this level
~ellipsoid is the “"geometric" center of the geoid. If this pojnt is assumed
to be identica] with the center df mass than the above'coordinatés may be
viewed as jts coordinates with respect to the origin of the reference
ellipsoid, and with opposite signs they can be used to shift the NN1§
coordinates to the geocenter: . | | o

u (geocentric) = Ugiq + 2320

v (geocentric) + 2.9m (5)

V14
w (geocentric) = Winia " 2.7 m
It should be pointed out again that the selection of the semidiameter
6 378 142 m was arbitrary. Had the lowest extremity in Table 7 been chosen
(6 378 125 m), the gravitational barameters (keeping f, w, and the geoidal

undulations the same) still would not become completely unreasonable:

NO = § 263 705.35 kgal m

k2M = 3.98600968 x 10** m* sec™
Ye = 978.03762 cm sec™?

J, = 1082.6956 x 107®

Thus the question of what is the "best" semidiameter still needs to

be answered.
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4. COMPARISON OF THE RESULTS

4.1 Comparisons with Geometric Information

In addition to solution WH14, two other adjustments were also performed
with the same data. The only differences vere thatAin one of them (WN12)
the weighted height constraints were not applied; thus the scale is
definéd through the SECOR, EDM and C-Band data. In the other (WN16), the
EDM and C-Band jéngths were .not entered as weighted constraints; thus the
scale is through the SECOR and-the weighted height constraints.

Table 8 contains the differences between the adjusted and-given
chord lengths (Table 3) from the thrée solutions. The-1ines originating
from Sta. 4742 (Kauai) are not Tisted for réasons explained eariier. Com-

paring solutions WN14 and WN12 the effect of 1nc1udihg the heights is not

Table 8
Chord Length Comparisons (Solutions ¥N1Z, 14 and 16)
ﬁ Adjusted - Given Length 1'
s Line WN1Z | Wl _ } WX15 E
m Poupd | T Poal g m 1 ppM
6002 - 6003 | 6.322.5 |2.38 274231078 | s9zx3.0| L0
G008 - 811r| 2.7+1.4|1.90] 2.321.4]1.60[ 11.4%31] 800)
. t6006 -8065 | 7.7+2.1|3.13 6.1+2,0|2.47] 19.89%3.5} 86.13
601G ~B80G5 f - 2.8+1.3 2,30 | - 28203247 -18.0+3.4] 15.57
216006 - 6016 | 2.742.2 ) 0.77 1.3 42.10.37 1.6x3.31 0.45
B eogn - 6064 | 13.7£2.43.84 | 10.6%2.3%3.03| 15.2x2.8| 4.37
6023 - 6060 | 7.9+3.1{3.42| 5.943,0]2.55 9.6 3.8 4.16
leosz - 6000 - 2.4 23,9 | 0,76 | - 4.523.6] 142 | = 29237 o0.92
3861 -7043 | 2.241.8 | 1.4 1,521,8] 0,99 1.6£3,7) 5.00
4082 - 40504 26.56.9 | 2.42 | - 5.2+8.9] 0,48 - 4,2£4.0] 0.39
. "g 4082 - 4740 2.0£2.7 | 1.25 l.ax2.9}1.90 5.6%35.0{ 4.33
E 4082 ~4081 [ 3.022.3 | 2.40 2.3£2,3|0.79| 1L826.2{ 14.49
40824061 F ~ 0.423.6 | 0,19} - 1,523.6] 0.65 212611 0.93
o |EDM 2.22 ) 1.94 5,40
& Jc-nand 1.56 0.95 4.98
5 Al z.02 1.50 | Q 5.27

S0t constrained in WN12 and WN14.
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very significant. The average length discrepancy decreases 0.48 x 1078 in
case of the £DM, and 0.60 x 10°°® in the C-Band case, both numbers being
within the noise level. At first glance the difference between WN14 and
WN16 seems to be significant since the average length discrepancy increases
b& about 4 x 1076 or 1:250,000 for both iypes of observations. Close
inspection, however, reveals that though the inclusion of the EDH and
C-Band chords in tﬁe solution improves the positions of stations 6111
(Wrightwood), 6065 (H. Peissénberg) and 4081 (Grand Turk), it does not
otherwise'contnibute to the overall scale determination significantly. If
the above-mentioned statibns are left out from the comparison, the averagé
léngth discrepancies in the UN16 solution decrease to 2.76 x 1076 for the
EDM and 1.81 x 10;5 for the C-Band, both withfn-noise Tevel from VWNTZ
(about 1 x 10-6), | |

| The above conclusion is also strengthened by the content of Table 9
where the average standard deviations of the coordinateé'and the_ﬁeights

are compared from the three solutions; It {s seen that while the inclusion
| Table 9 | e

- Standard Deviation Comparisons
(Sotutions WN12, 14 and 16)

Constituent Networks

Solution BC SECOR MPS SA
o) 0H g UH g UH g UH [+ GH

W

WN12- § 4.4 V5.0 4.2 4.8 6.9 7.6 }5.2]5.9] 5.5]¢6.2
Hil4 3.513.2128})24)]481}29 |4.1 | 3.0 3.9} 2.9

HNTE 3.513.2 1281 2.4 4.9 }2.9 (4.1 3.0} 4.0} 2.9

A1l units in meters.
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of the weighted heights decreases the standard deviations significantly,
the exclusion of the geometric scalars hardiy changes the results.

In the tables the rotations w, ¥ and e are about the w, v‘and u axes
respectively. The unit in the variance-covariance matrix, for the elements

corresponding to the rotations, is radian squared.

4.2 Comparisons with Dynamic Solutions

Table 10 is a compilation of ‘transformation parameters between the

WN coordinates and those from the dynamic so1ution§ MWL-9D, SAOD ;II, GEM-4
and GSFC-73. The method of computing the parameters-is described in
[Kumar, 1972]. In the téb?e the positive éng?es ws ¥ and € are counter-
clockwise rotationé about the w, v and u axes respectfveTy, as viewed from
the end df fhe positive axis. The scale difference factor & is in units of
ippM. In the transformations tﬁe varianceé of both sets of the coordinates’
are taken into account. Taking the variances of the WN solutions as standard,
'thoselof the dynamic ;o1utions are scaled by the-wéight factors indicated.
These numbers a;e also indicative of the overoptimism over the. quality of
some of the published so1utions.,‘For example, a.weight factor of 25 wouid
indicate that the published standard deyiations of a given solution need to

be multiplied by ¥25 = 5. | _
As it is seen there is a good agreement between the translational

elements Au-s and Av-s.of the main (all stations ihc]usi&e) dynamic solutions
‘and a discrepancy of about 8.5 * 1.7 m with respect to the geometric values
(see equation 5); The largest discrepancy occurs in the Aw components,

_where there seems to be a 12.3 * 2.1 m difference between the SAC III
and the GEM-4 solutions. Eliminating the SAC TIT value, all aw's, including

the geometric one, are within the noise Tevel. The weighted mean shifts

59



09

*

Table 10

(Dynamic - WN14}

Relationships Between Various Dynamic and the WN Systems

Solution NWL~8D SAO I GEM-~4 GSFC-T3

Sta, Considered 5000 6000 all G000 a00o all all all

No, Stations _12 22 32 47 22 73 30 28

Weight Factor® 1.5 T.95 e 4 2 2 2 50 22
A (m) 15.6 +1.6 16,8 #1.1 16,9 +1.0 16.8 £1,5 10,7421 | 13.941.3 14.5 21,6 | 13.74L5
Av (m) 13.1 41,5 9.6 +1,1 10,3 1,0 12,8 1.5 13.6 2,2 13.6 +1,3 11,6 £1,6 12,9 1,4
Awim) |- 78220 |~322L1 |-3.42L1 |-5.2 $.5 | -15,722.3 |-10.4 413 19417 | - 1.74L9
A(107°) 0,740, 18 0.260. 05 0.2940.04 |- 0,500, 05 0,740,15 |- 0.17£0,04 |  0.9320.11 0,950, 11 |
Wi 0.7320. 03 0.700.01 | 0.7120,01 0.510, 02 0,260, 03 0.3740.01 | - 0,0230,02 | - 0,380, 02
H{") - 0.1120.04 | = 0,1520.01 |- 0.15£0,01 | 0.1540,02 | 0.0820,04 0.1540.01 0.1220, 03 0,190, 03
e(") 0.23%0.07 | - 0,17:0.01 | = 0,1420.01 | = 0.1840,02 |- 0,070.03 | - 0.0320, 01 0.1720, 02 0,240, 03
0o 0. 65 0,91 . 0.87 0,83 1,20 1,14 1,11 1,09

*Welght Factor = 08, /0w




from the main dynamic solutions (echudiﬁg aw from SAD II1I), or the coordi-

nates of the geocenter with respect to the WN14 -origin, are listed in Table 11.

Table 11 .
Shifts to the Geocenter (Solution WN14)

Sogrce ué (m) v, m) W, (m) | r (m)

1. Dynamic Comparison 14.8 £1.4 | 11.8 +1.3 | -1.8 +1.6 | 18.9 1.9
2. Geometric Fit (equation (5))} 23.2 20.9 2.9 20.8 | -2.7 £1.2 | 23.4 1.2
3. lleighted Mean of 1 & 2 20.7 #1.2 5.3 £1.1 | -2.4 £1.4 | 21.4 1.6
4. JPL/DSN . . ’ ' 25.9 2.5

The guant{ty ry = Vﬁg_;—;gxfs distance of the WN14 qrigfn from thé" |
‘rotation axis of thé earth. Calculating %he same numbér from.the JPL-LS 37
‘coordinates of the Deep Space Hetwork (stations DSK1 = 4711, DSH2 = 4712,
DSN4 = 4714, DSN6 = 4742 and DSN7 = 4751) as pub]ished'in [Gaposchkin'et al.,
N 1973]; one gets r_ = 25.9 #2.5 m, which value is nearest to the one
calculated from the geometric fit;‘ |

| The differences 1in scale between the dynamic sofutians afé significant
(see Fig. 3 for comparison). The largest discrepancy is betueen the
SAQ I11 aﬁd GSFC-73 with o = (1.13 £0.12) x 108, which is larger than
what one would expect from thé noise. The other dynamic scales are within near
nofse jgve1 and, on thé average, differ from the scaie of the HN14”solution
by '
A = (0.12 £0.08) x 10-6

or about one part in 8.3 million.
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The largest discrepanciés occur in the orientatiﬁn of the-various
dynamic systems with respect to each other .and to WN14. In the rotation
about the w aiis (w), the largest difference occurs between the NWL-9D and
the GSFC-73 solutions, where w = 1V1, or about 34 m on the equator
(Fig. 4). The other differeﬁces are smaller but aré significant. These
rotations may be partly due to the definition of the zero meridiaﬁ in the
case of purely electronic systems (e.g.; Doppler), partly fo the various
definitions of the vernal equinox in the star caté?ogs used, and also to
~its motion with respect to.inertia1 space, in case of,dpticai observations.
The latter alone requireé a correction to the FK4 right ascénsions amount-
ing to *0“65 at 1960.0, chang1ng W1th a rate of +1¥36 per centuny [Martin
and Van F]andern, 1970]

The rotations about the axes v and v are even moré confusﬁng. Fig.

5 illustrates the situatioﬁ at the pole. The weighted means of the _
dynamic solutions are ¢ = 002 0Y02 and €= 0704 iD?OE.: The discrepancy
betWeén the poles as determined separately from Fhe SAC 11T 6000 stations
§hd theh from the 8000 stations is'unexp1ained at this time. It is
:iﬁteresting to note that the weighted mean pq1e and zero meridian'positions
cbmputed from the dynamic solutions hardly differ from tﬁose of the HN1%l'
so]u?ion. | | . |

The.on1y general conclusion that one can draw %rbm the rotation pafam-'
. eters 1s that the coordinate systems used in the dynamic soiutions nﬂed to
be more carefu?ly defined and cond1tlons enforcing these definitions more

strongTyrapp11ed than evidenced from the solutions discussed.

4.3 Comparisons with Geodetic Datums

Table 12 is a summary of datum descriptions. Table 13 summarizes the
relationships between the various geodetic datums and the WN14 system for

those datums where stations were located.-
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Table 12

- Geodetic Datums

Code Datum Ellipsoid . Origin Latitude Longitude
1 Adindan (Ethiapia) Clarke 1830 STATION 25 ADINDANM 22°10'e2 N0 31°29° 217803
-2 American Samoa 1582 Clarke 1285 BETTY 1} ECC ~14 20 08.341 189 V7 07.750
3 Are-Cape {South Africa}) Clarkes 1£30 Buffelsfontein =33 59 32.040 25 30 44.522 .
K. Argentina International Campo Inchauspe -35 53 17 297 49 &3
5 Ascension Island 1958 Intarnational Mean of three stations 07 87 335 37
& Australian Geodetic - Australian Johnston Mamorial Cairn -25 56 54.55 133 12 30.03
Haticnal
7 - Bermuda 1957 Clarke 1266 FT. GEORGE B 1937 32 27 44,360 295 19 071.8350
B Berne 1833 fessal Berne Obsarvatory 45 57 CB.e60° 07 26 22.33%
9 Betio Island, 1955 International 1556 SECCR ASTRO 01 21 42.03 172 55 47,52 -
10 Camp Area Astro 1951-62 International CAMP AREA ASTRO -77 50 52,521 165 40 13.753
UsSGs . ’
1 Canton Astro 1966 International Y955 CATON SECOR ASTRO -02 46 28.5% 188 15 43.47
12 Christmas Isiand Internaticnal SAT.TRI.STA. 059 RM3 02 43 35.91 en2 35 21.32
Astro 1957 . s LT
13 Chua Astro International CHUA - ~19 45 41,18 311 53 52,43
{Brazil-Geodetic) ' . . .
14 Correqo Alegre Interrational CORREGD ALEGRE . =19 50 15.140 311 02 17.250
{Brazil-tapping) : ‘
15 Easter Island 19567 International SATRIG PH Mo. 1 «27 10 39.85 25034 16.81
Astro - '
16 European * Interrational Helmert Tower - §2 22 51.25 13 03 58.74
17 Gracicsa Island {Azores) Interrational SY BASE 39 03 54,934 331 57 35.113
18 Gizo, Provisional DOS Internaticnal GUX 1 -0% 27 05,272 159 58 31.732
19 Guam ) Clarke 1885 TOGCHA LES N0, 7 . 13 22 38,49 124 45 51.¢5
20 Heard Astro 1969 . International INTSATRIG 0044 ASTRQ =53 01 11.63 73 23 22.94
21 Ib?n As;ro, Ravy 1947 Clarke 1855 - IBEN ASTROD ' 07 2% 13.05 15} 45 44.42
Truk St .
22 Indian Everest ¥alianpur 24 07 11.25 77 39 17.57
23 Isla Socorro Astro Clarke 1B65 Station 033 18 43 44.93 249 02 39.28
24 Johnston Island 1951 Interrational JOHNSTCH ISLAMD 198) 16 44 49,729 190 29 04,72)
25 Kusaje, Astro 1952, 1555 Internztional ALLEN SO0ARD LiGAT 05 2) 48,80 162 58 03.28
éb Luzon 1917 {PRilippines) Clarke 1855 BALANCAN 13 22 41,000 121 52 03,030
27 Hidiway Asiro 1961 Interaational HIDUAY ASTRO 1551 28 1 34,50 182 36 24.28
28 Hew Zealand 1949 International PAPATAHT : -~41 19 08.900 175 02 51.000
2 North Zoerican 1927 Clarke 1855 MEADCS RANCYH 39 13 26.636 . 2581 27 29,431
30 *HAD 1927 (Cape Clarke 1866 CENTRAL 28 29 32.364- 279 25 21.730
Canaveral) . LT
N *WAD 1927 (White Sands) Clarke 1886 KENT 1209 32 30 27.079 253 31 01.355
32 01d Bavarian fesse) Munich : 48 03 20.000 1t 34 26.433
32 Cld Hawaiian Clarke 1866 0AHU WEST BASE 21 18 12.89 202 €9 04,20
34 Orgnance Survey - Airy Herstmonceux 50 51 55.271 00 20 45.832
.B. 18358 . .
35 Pifo de las)Nieves Anternaticnal 'PICO DE LAS HIEVES .87 57 81.273 344 25 49.475
Canaries N . .
36 Pitcairn Island Astro Internaticnal PITCAIRI! ASTRD 1987 ~25 04 06.97 229.53 12.17
37 Fotsdam Bessel : Helmert Tower - 52 22 53.954 i3 04 D¥.153
38 Provisional S.American International LA TANDA 08 34 17.17 295 03 25.12
1856 :
39 Provisional $. Chile Internationail HITO XVYIII ~53 57 07.76 29 23 28.76
- 1853 )
1] Puikove 1942 Krassovski Pulkovo Observatory 5% 46 18.55 39 19 42,00
41 - South American 1959 South Emerican  CHUA ~18 45 41,653 311 53 55,935
1259
42  Southzast Island {Mahe) Clarke 1830 =04 40 39.860 55 32 00.1F8
43 South Georgia Astro International IS;S 061 ASTRD POINT -54 16 38,93 323 30 43.97
963 .
.44 Su?llow ]s]§nds International 1566 SECOR ASTRO ~10 18 21.47 166 17 56.79
Solomons . ’
45 Tananarive Internationat Tananarfve Observatory =18 55 0210 . 47 31 06.75
46 Tokyo Bessel Tekyo Observatory {old) 25 38 17,51 136 44 4n.5n
A7 Tristan Astro 1558 Internationa)l INISATRIG nRe R N, 2 =37 03 26.79 347 40 53171
48 Viti Leve 1916 (Fiji)} Clerke 1830 RONAVATY (Yatitude only) -7 53 28B.235
SUVA (iongitude only) ’ 178 25 35,815
49 WNake Island, Astronomic International ASTRD 1452 19 17 319.89) 186 33 45.294
1952 .
50 Yof Astro 1567 (Dakar) Clarke 1820 YOF ASTRO 1957 14 44 41,62 352 30 52,08
81 Palmor Astro 1659 ' International ISTS 050 =64 46 35.7%1 295 56 39.53
_52 Eftate International Belle Vue IGH =17 44 17.400 163 20 33.250

tlocal datums of spectal purpose, based on KAD 1927 vzlues for the origin statfons,
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Table 13

Ré?ationsh'ip Between Various Geodetic Datums and the WN System (Datum - WN14)

3 Datum Name' el dutmy | Avimyr | Aw(m) w( H(ye e("yee A(x109
Ha. . &3 ong . b
1 | Adindan (Ethiopin) 2 | 184 419 21 #11 {-200 6
2 | Ameriean Samoa : -
1962 1] 119 +8 =105 =8 2413 410
3.} Are Cape .
(South Africa) 11} 152 27 126 =7 298 %10
-5 jAscension Island )
1908 1} 227 £7 -93 %7 -58 +38
G |Australian Geodetic 3 118,2+ 5.0 41,1+ 6,2 {~121,0% 6.9 ¢ 1.0340,18 0.9920,18 | -0.2540.22 | -1,2040, 71
10 [Camp Aren Astro . .
ISGI/GE(USGS) 1 111 =10 148 £ 9 -238 %10
12 |Christmas Isiand L ‘ :
Astro 19G7 1 {-115 £ 9 -224 212 929 * 8
15 |Easter Isfand Astro )
1967 1 (-1az 210 =138 <10 -128 =11 - . .
18 [Eurepean-50(w)? 11 133.3% 9.5 | 114,2+15,9} 152,2+ 9,2 | -1,7620, 38 0,010,311 | ~0,.3820,44 | -7, 3041, 14
European-50 ’ . ‘
(MU atattons)®  } 16 | 134.3% 9.1 | 152,7% 8,0 | 144.6+ 8.8 | -0, 410,20 | 0,2740.30 | -0.5120,22 | =7, 2440.88 '
17 (Graciosn Island : ’ ‘
{Azorca) 1 | 123 =17 |-147 £ 9 37 #17
20 jleardAstro 1968 1 182 212 50 12 -114 14
22 iindlan® 1 |-165 <17 -711 210 -228 11,
23 lisla Socoro Astro I |-134 £12. [-206 £ 7 |-503 %9
24 (Johnsten Island . ’
1961 1 ]-161 =13 51 425 211 *13
26 [Luzon 1911
(Philippines) 1 | 151 10 51 +49 111 £8
27 [Mldway Astro 19611 1 [-377 + 7 84 £ 7 -279 £+ 9

*If (Datum - Geoeenter) i3 gought add to thé tabulated values of Au, Av, Aw the respective quant[tlés
(sve Table 5, 46},
*+w, ¢, ¢ when poditlve, represe

of tho pousitivo nxia,

-21;:1, -5m, 2m

nt countorclockwioo retations sbout the respective w, v, u axes, 28 viowed from the end
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Table 13 (cont’d)
°‘N"“’ " Datum Name' :5"":“' Au (m)* Av(m)* Aw (m)* w{"yre TS LI ey A{x10H
(-] statiany
28 | New Zealand 1949 1l -6 %38 41 £ 9 -152 L9
29 [ Noxth American : .
1927(\V)5 8 30,6+ 7.30-170.3+ 4,5 |-134.9+ 6.8 0.2140.20 0.5940.21 | ~0.4520,23 | =7.910, 45
North American ' ' ) .
1927 (E)° 13 56,42 6, 9] -144, 6% 4,4 |-196,4% 4.3 | _ 1.0120,19 | =0.01£0,16 | 0,5420,14 | 2,1530,62
North American . . _ )
(ATl Stationsy | 21 57.1% 2,2|-147,9% 2.6 |~187.5% 2,9 | 0.8640,06 | 0,230,06 | 0.3320,11 ] 0,8020.27
36 1 Piteaivn Island .
Lhstro 1 |-167 #12 |-168 =11 - B0 11
39 | Provisional South
Chile 1963 i 0 =8 =186 =+ 8 -9 %9
41 |South American :
1964? 10 54,4 5,01 30,02 4,8 42,9+ 4,9 | -0, 6340,17 | 0,1740,12 | -0,1240,33 | 8.6740,59
42 18outhcast Isiand : '
(Malic) 1 54 =8 | 186 £ 8 272 + 9
43 1South Georpla o .
Astro 1 820 +8 -101 #11 201 &11
46 |Tokyo 1 183 +10 1-G06 £ 9 {-086 £ 9
4T [Tristan Astro ‘ ‘
1868 ~ "1 | 654 14 {-420 =11 622 13
49 lwake Island . .
Astronotnie 1952 | 1 [-260 &7 (6T 12 |-140 %8
50 [Yof Astro 1967 ' ‘ .
{Dakar) 1 65 =6 +|-143 7 ~95 %7
51 |Palmer Astro . '
19G9 b -218 £ 9 - 8§ 12 -226 +12

*If (Datum - Geocenter) is sought add to tha tabulated values of Au. Av, Aw the respective quantitlcs <2Im, -5m, 2m

(soe Table 5. 4-6),

- *w, §, ¢ when positive, represent cnunterclockwiso rotations about thc respective w, v, U axes, as viewed from the end

of tho posxtivc axls,
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_Table 13 (cont'd)

. YSce Table 3, 1-3 for datum doscription and other related information.

2oy otione Included are Tromso (G00G), Catania (6016), Hohenpelssenberg {6065}, Wippolder (8009), Zimmerwald
{5010}, Haute Provence (8015), Nice (8019), Meudon (8030), San Ternando (9004), Dlonyses (8001} and Harestua

(9126), .
3eiitions Included are ag in #2 and Mashhad (6015), Malvern (8011), Naini Tal 0006}, Shiraz (9008} and Rign {(9431).

*Rascd on p, 70, Dulletin Geodeslque, 107, 1973,

®5tations included are Goldstone (1030}, Colorade Springs (3400), Vandenherg AFB {4280), 'Wrightwood II {6134},
Mosges Lake (6003), Edinburg (7036), Denver (7045) and Organ Pass (9001}, .

stations Included are Blossom Point (1021}, Fort Myexs (1022), E. Grand Forks (1034), Rogman {1042}, Bedford
{3101), Semmes (3402), Hunter AFD (3648), Aberdeen {3657), Homeatcad (3861), Beltsville {0002), Groenbelt.
(1043), Jupiter (7072} and Sudbury (7075). ' ’

? statiens included are as {n #4 and 5 cbove.

®gtations included are Brasilia (3414), Asunction (3431), Bogota (3477), Paramarlbe (6008), Quito (6009), Villa
Dolores (6019), Natal (GOGT), Arequipa (9007}, Curacao (9009} and Comeodore Rivadavia {$031}.



5. CARTESIAN COORDINATES FROM SOLUTIONS WN12 AND WN14

Table 14 is a summary of the Cartesian coordinates of solutions WN12
and WN14. As mentioned earlier the formef differs from the Tatter only in
that in it the heights are not constrained. The resulting scale in ¥N12 is
such that when the coordinates are transformed to a geocentric rotational
ellipsoid of a = 6 378 154 m and 1/f = 298.2495, they produce geoid unduia-
tions consistent with dynamically determined ones with k2M = 3.98600891 x
- 101% m3 sec™2 and v, = 978.02847 cm sec™2. Derived from these constants are
the values W, = 6 263 675.76 kgal m and J, = 1082.6797 x 1076, These va]ugs
together with those mentioned at the end of éection 3.3 seem to be the
extreme Timits within which the truce must lie, provided that the dynamically
determined undulations are correct.

Comparisons with geoid undulations from satellite and surface gravi-
metric solutions in case of the WN14 solution show én rmsvresidual of 26.1,
lWith an average of only -0.3 m. Similar comparison with the WN12 solution,
where the heights are not constrained, shows that the rms of the residuals

is £16.1 m, and the average -0.2 m.
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Table 14

Summary of Cértesian Coordinates (Solutions WN1Z2 and WN14)

<

.

-~

—— —

6

e A . e A AP M T - St Ty o o . Sk ¥ ek U A B ey vt T Sk ey e k. i S e M i oy A S ML MY S S ey et

TATION 1 spLUTION WN=12 ; sSoLUTION WN~14

i
NG NAMNE [ U v W %, -9 ] U ¥ H o,

t { .
1021 BLOSSOM POINT 1 111002848 =4B76331.7 3942970.9 3.1 4.8 4 | 1110023,.1 ~4B7T6323.4  3%4L29463,9 2.0 2.4 2.9
1022 FORT MYLRS 1 BOT7HS50.8 =5552004.0  2832309.0 2.6 3.3 3 | B80I0%L.9 =5651909.8 2033500.2 2.2 1.9 2.3
1030 GOLDSTONE [=225724%,2 ~46466346.4  3648312.5 6.1 H.4 4 1=2359242.9 =48645338.5 346020548 S.6 3.3 3.2
1032 5Te JOMN'S | 260210443 =3419179.7 A69TLZ1.1  49.1 B9.5 29 | 2402008.6 <=3419228.9 66970373 39.3 45,7 13.8
1033 FAIRBANKS 1=22%979243 ~14656%0.5 5751823.3 7.5 10,0 10 f-2269202,6 ~144%692.7 ST81011,4 5.9 9.7 5.7
1034 £. GRAND FOAKS 1 ~521700.3 ~4242074.9 4T16726.5 3.5 4.0 4 {| =521704.5 ~4242004,3 *410716.8 3.1 3.0 2.7
10462 ROCMAN | &474%5,9 =5177948.0 2655671 4.6 3.l 3.6 4 647497,5 =5177%35.8 265670549 2.8 2.4 2.8
1104 ANTIGUA ! 2801840, ~-5372180.7 1B68540.5 4.1 4&.b 4 2001838,3 ~5172164.6 186653046 3.7 33 4.3

{ ‘
1334 STONEVILLE | =8498%.1 ~5327906.3 3493434,3 15,6 14,0 10.8 | ~06963.0 =-5327974.9 3493520.3 13.6 6.8 9.0
3,00 ] COLORADD SPRINGS |—1273239.6 =4790062.9  3994229.5 16,3 12,6 8.6 [=1275207.2 ~4790029.3 3994200,3 9.1 5.1 5.7
3401 BEUFCRD 1 1513134.8 =4463580,1 42030¢61.2 3.5 5.3 4.6 1 1513)136.1 —4463575.08 42102055.8 3.2 3.4 3.0
3402 SEFMES [ 16725641 ~5481980.4 3245042.6 4.2 4.3 4.6 | 167259.7 ~5401971.0 3245037.0 3.9 2.0 3.5
3606 SWiN 1SLAND | 442605.7 =4D52942.4 16865690.5 5.0 5.3 5.5 646249144 -8053940.3 169550668 8,7 2.7 4.9
3405 GRAND TURK 191040z, 1  ~5621094.5 23157801 3.6 5.6 &9 1915482,% -5621000.1 2315775.3 3,3 3.5 4.0
1406 CURACAD P 2251002,9 =5014929.0 1327197.4 2.8 3.5 3.0 2251000,2 =5016912.9 132119120 ¢+ 2.4 2.1 .4
3407 TRAINIDAD {f 297vr9z2,.? =55i3532.56 116112648 5.2 5.1 5.9 I 2979091.1 =5513530.9 1181129.3 4,7 3.4 5.3

f .
iL13 NATAL | S1R0366,4 =2554725.1  ~£53022.7 Jaub 2.9 3.2 | B18634R,4 =3L54272.4 -£53018,9 2.1 2.2 2.7
aL1s RRASILLA [ 4114987.8 ~4554348.5 =1732145.1 2,6 8.4 T.9 ! &£114977.0 =4554142.5 ~17221%4.0 TeT bel Fe2
3631 ALUNCION | 2093056,1 =~ADTCI00.4 «=27i0E4S5.8 8.5 ©.3 12,5 | 3058304%.4 =487C001.T7 ~2710023,D T.6 4.5 10.8
2478 PLAAMARIBO | B36232%2.6 =52145213.7 601514 ,0 3.4 3.3 3.6 1 2623277.3  -5214210.7 501515.3 2.2 2.0 2.0
3417 EGCOTA | L7448669,8 ~6114305.6 -~ 53220342 10.4 13.7 9,0 | 1759650.2 -4114206,7, 53220B.5 1042 beb 9.8
1470 HENAUS . | 218%705.4 +~5514574,5  =2347783.2 19.3 35,4 35.8 1 3165777.0 <5514585.9 ~347703.,2 18.7 14,5 25.1
3459 Cu1in { 1200034.0 ~6250906.2 ~10605.5 3.8 5.9 4.5 | 1200B834.2 =3250655.9 ~10000.6 3.6 3.4 4.t
RIZY: HUNTER AFB [ 0372562.6 =5349553.4 30059804 4.1 5.0 5.4 | B32566.2 -5349540.7 33e0585.2 3.b 2.5 3ub

I P
3657 ATLEADEEN [ 118467Rb6L1  ~4TB5H205,1 40320652.13 3.4 5.0 4.5 | 1104787.1 =47R5193.1 £032802.3 - 3.1 3.0 3.0
3Lel HOLESTEAD { 961766,7 =SL19Ll70.6 T272985%3,0 3.3 3.3 Z.T 0 9L1T67.9 =56T9166.4 2729AR3.S 3.0 2.3 1.6
3902 CHETERNE 1=123486802,4 =4£51235.9 4174746344 28.6 32,1 11.3 [=123470C0.7 -4451242.0 4174756486 Db cba3  b.3
3903 HERNDEON ] 1008960,0 ~4E&2973.2  13991783,9 17.3 15.5 1l.4 | 100E389.7 -4243005.4 3891776.6 2.1 B.5 B.?
4050 PRETCRTIA | s051414,8 2724600.6 +2T74101.0  &.4. 3.8 5.5 | 5051600.1 2728603.3  «27T41Lb,.B 3.2 F.2 L hah
4061 ARTICUA ] 2201594,5 ~4277540.2 1B6B034,3 4.2 4.7 5.0 [ 20C1592.3 =5372%23.9 - 136002404 3.8 3.5 k.3
4051 GREND TURK | 1920409,% =561942641 2319132,4 3.7 5.7 5.0 1 1920410.9 -54619417.8 2319122.5 3.3 2.4 4.0
4082 FLRRITT ISLAND ; ¢10567.9 =5539120.2 3017974.0 2.9 3,8 3.7 0 910%aT.2 =5539113.2 30179065.3 2.6 2.4 Q.8

. : ‘ 1

4700 VANDENAERG AFB |=2671603.7 =4521217.3 J4807T495,0 4.3 Hub 4.0 |-2671073.8B ~4521210.5 1607450, 4 3.8 3.3 3.6
4740 FLRMUDA 1 2200C08,6 =4074314.8 " 3393092.0 3.8 S.6 5.1 | 2308AnT7.3  =4074290.2 33930082.1 3.3 3.1 3.t
5001 HIRNODN ] 10DEOTLLL  ~4B 429549 F99I057.0 4.9 10.2 T.% 1 1008849%.4 —A04294R,T  2991B40.2 3.6 3,0 3.1
126l HOILS LAKE [=~2127010.4 ~3785912.3 40656011.9 2.7 2.8 3.7 1-2127802.2 =3755911.5 465601241 223 2.2 244
£510 KIDWAY ISLANDS ] =%618764,5 ~250231.5 ~2997243.8 2.9 3.2 ALl |-5610754.1 ~256237.5 2997200.2 2.3 2.8 3.8
34k FrT STEWART I 794687.3 «5380063.7  2353093,5 4.2 5.0 5.5 | 794691.0 ~5360051.1 335300244 3.6 2.5 2.4
5712 PARAMLRIBD | 2623207.1 ~%21&190.5 4016%2.3 J.4 3.3 3,6 | 3621240.8 =5214188.0 &016T73.2 2.1 2.0 2,9
£713 |- TEHCEIRA | 4433654.04 =2268159.2 397546731 2.7 2.8 3.8 | %433637.8 -2248153.2 3971656.8 2.0 242 2.5

e
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Table 14 (cont'd)

0L

—— — S . T . T kb e oy iy Sy i St Sty g o e S, (AR R Ak e SRR W T v Py e gt A WG, . W = ey = v g

S TATION | SOLUTION wWH-12 } SOLUTION ui=-14 :
N NAMWE | v s W T4 ey |1 U v L] e o s |
3 E . I
57158 DAKAR | 5884479,.% «18%3550.1 146127630 2.3 2.5 3.1 | spo44b0cR -~1033G5R0L1 1512760.1 1.4 2.0 243
5717 FOUT LaMY [ 602341641 15617969.5 1331651.2 2.7 2.0 3.3 | s023410.7 16179406.5 1331655.8 2.0 2.0 2.7
5720 ADDIS ABABR | #900750.1 36825541 Yo634Bed 2T 2.9 3.4 ) 450074901 3%60253,0 fUB3SA.T 2.0 2.1 2,9
5721 HASHHAD [ 2604400.4 LA BHY24H .9 3750245.7 2.6 2.8 3.5 | 2004404.8 G4446122,3 3150344.3 2.1 2.1 2.7
5722 DILCO GARLIA | 19035122.3 £032294.5 ~810726.4 4.2 5.5 4.8 | 1505127.0 6032267.5 ~RFiINTl6.2 3.5 4.1 4.3
5723 CHIANG MAL ] =941713,7 §96T440.6  2039217.5 3.1 3.3 4,1 | =941709.4 £ReT445.0  2039327.9 2.5 2.3 3.5
5724 ZAMBLAKGA 1=3381953.2 5365045.5 763623.6 3.0 3.3 3.8 [«23061946.8 534503740 T T6e3627.8 2.3 2.2 3.2
5730 WAKE I15LAND [-505E583.8 13944TH.9  2093044.7 2.8 3.1 3.8 |-5058574.6 1394%067.2 20938474 2.1 2.5 3.1
| i
5732 PACO PAGD COFme099906.0 ~997345,6 ~=15568577.0 5.7 4.4 4.9 [-&0D99970,5  =S97355.3  «~1540570.9 2.6 3.5 4.l
5733 CHATSTHAS ISLAND §=50065250.3 =2440375.3 20166341 bty 3,5 &6 |~5L05323,9 =2440300.4 22L4670.7 2.7 2.9 3.9
ST34 SHEHYR f~3851806.1 395416.1 5051343.3 3.2 3.7 &.9 [=3351799.0 396609.3 5051342.0 2.7 3.3 3.9
571% NATAL © ] SIBE%LALS  =3854226.00  =453022.46 3,3 2.8 3,1 | 5184380,46 =2854223.7 ~4653018.9 2.0 2.1 2.5
5116 ASCENSICN ISLAND | 6118355.5 ~1%71763.1 ~y0558.4 3.3 2.9 3.3 [ &110340.3 =2571761.9 ~378553.4 2.3 2.2 2.1
5739 TERCEIRA | 44330506,0 =220L192.2 3971663.3 2.T 2,8 3.B | #433629.3 ~226D0106.2 3971647.0 2.0 2.2 2.5
LYY CLTANIA | A698044.1 1316L29.4 30566208.4 2.4 2.8 3.2 ] 4890427.7 1316125.0  38hen26.2 1.8 2.2 2.3
5007 WORTHIRGTON | ~459391.6 ~4500710.,48 L300315.4 5.9 13.8 13.5 } ~h43417,.5 =-44600905.5 430026B.1 A2 32 4.5
|
5911 BEKHUDA | 2208010.6 ~4873778.3 3394476.1 Feb &9 S.2 | 2307%91,2 =4073773.2 33944603 4% 2.6 2.3 3.0
£9i2 PANAMA [ 1142664.% =561%6104.1 GEADIADLE 4.8 .1 7.0 | 1142464505 =6196109.1 95033646 3.1 3.6 AL
5914 PULRTD RICO § 2249423.9 =55T74023.2 - Z010340,5 13.% 21.1 9.7 | 2349456.9 ~5578027.1 20103426 105 T.0 b4
5615 | AUSTIR I =724066.7 +~5465236,3  3152455.8 5.6 15,3 12.0 | =744091.1 ~5445238.7 2197467 .4 3.8 3.8 4.7
5923 CYPAUS ] 4353325.9 20622508 3655200.7T 2.5 2.7 2.3 | 435333202 2042254.9 3655300.7 1.9 2.1 2.4
5924 ROTA | 5093545.,8 ~56531%.1 366271301 2% 2.1 3.8 | 5093956.2 -565322,3% A784248.3 1.9 2.6 2.9
5925 RCGERTS FIELD | 6237276.8 =1150241.8 §L7740.0 3.0 3.1 3.6 ] 623730643 «l1A0241.5 LNTT40,.2 2.3 2.6 3.0
%30 S INGAPORE [~1542556.4 LLO6Y64 .6 151627.8 3.3 3.9 4.0 [-1542549.4 6186958.,7 1518233.8 2.6 247 3.4
I }
5931 HONG KONG |-2423919%.1 53BR254.8 2394863.,9% 3,1 3.5 4.3 |=2423014.9 S38R250.3  2394849.2 2+5 2.5 3.0
5433 DARMIN 1=4071578.3 47142670 =11366533.3 4,3 4.6 4.3 1-40T71568.4 47142533 =1346520.3 3.2 3.2 3.7
Y34 HANUS [=5206T671.7 343706614 ¢+ =225419.4 3.6 3.5 3.8 1-53n7662.1 3437869.9 -225416.0 2.5 2.5 3.3
5935 CURM ]~505983240 3591194,2 1472759.4 2.9 3.0 3.4 1-5059075,.7 A9711N06.0 14727T42.5 2.1 2.2 2.0
5937 PALAY [=~4433470.5 4512939,.3 HO29%%,3 3,1 3.2 3.7 |-44323563,6 A512920.3 809950.7 2,2 2.7 2.2
5913 CUADALCANAL |=5915106.,0 21463a73.2 =~1037912.8 Lol 3.9 A.0 1-57150946,% ZE4E060.0  ~103790%,5 3.0 3.0 3.5
5041 HMAUl {=S567771.9 +«2381242.7 2254G24.0 3.5 3.2 4.6 |-566T757.3  ~2381240.7 22540331.8 2.% 2.8 1.8
L0011 THULE 1 546%60.4 =1389993.86 OLEO242.4 2.7 2.7 &ut ] 56656L.T  ~13L9993.7 4100235,7 2.6 2.4 3.4
f
&002 SELTSVILLE 1 1130762.7 =40300237.6 329LT09.9 2.2 T.T 3 I 11307464,9 =~40300631.9 39%4704.,0 2.0 1.7 }.9
4003 |. KDSES LAKE {=2127629,9 +«3705044.2 L65602T.4 2.5 2.7 3 {=2127432.1 «3705063.0 46560172 2.1 2.0 2.3
6004 SHEMYA | =3251506.8 356410.1 §051341.7 3.2 3.7 5 [=3051797.5 I7LL0% .4 50%1340.5 2.7 3.3 3.9
£004 TROME . f 2102930,3 T21674.1 59581B1.7 2<7 3.3 4 | 2102927.% T21660.5 59561680.8 2.4 2.9 2.9
6007 TERCLIAA | £432653,3 =22060105.9 39716710 P07 2.7 3.0} 4433837,3 =2760151.4 3971455.0 2.0 2.2 2.5
[ Xe1k! PARAMARIDO ] 3422257.3 =8234236.7 £015624.8 3.4 3.3 3 ] 38623251.0 =5214233,7 L01538,1 .17 2.0 2.9
4009 (4133 & B4} ] 126003440 =b6250906,.2 . ~108#05.5 3.3 5.9 < | 12B0B34.2 =425090%.9 -1080C.6 Jab 3.8 Hud
4011 MAUT {-5465039.2 ~2404429,3 . 2242224,.06 Loty 3.4 3 |~5656018.6 ~2404431.5 22422244 3.0 2.9 3.3
1
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Table 14 {cont'd)

WN-12

TL

e i

TATIODN I SDLUTION % SOLUTION WN=l4
i
e NAKE § U v H oy “u 1 u v o

] { . |
] 012 WAKE ISLAND I }~5050578.8 1394516.4 2093017456  2.% 3.2 3.8 [~5858549.3 13945087 2053020,.3 2.1 2.6 3.2
| 6013 ] Y.ANOYA [~35065701.4 4120723.2 3303426.9 4.0 5.2 5.9 [-3565892.8 4120713.8 3303420.3 Jed beh 49
! 6015 MALHHAD | 2604355,4  4444169.2 3750371.7 2.6 2.9 3.5 | 2604353.3 4446106 ,0 3750320.5 2.1 2.2 2.6
{ 4016 CATANTA | 489463%4,8 12161702 3956670,T 2.4 2.8 3.2 | 4D%434n.3 131617241 ABSH606.2 1.8 2.2 2.2
1 4019 VILLA DDLOKES | 228043047 =4214547.7 =2395417.9 247 3.6 5.2 | 2280627.1 =49l43%43.2 =3355402.8 2.4 2.7 3.7
[ s020 TASTER ISLAND |-1B8P&2Y.8 ~B354090.4 =20565T42.3  &.0 &.1 6,9 |-1800614.3 =5354094.4 «205074%.0 Bk h.5 5,5
| so22 TUIUILA . {=600963T75,9 =997357.7 =L104B593.6 4.0 3,2 5.2 |~&6099%61,7 =997347.2 =~1548585.5 Jue 3B GaT
| 6023 THURSDAY ISLAND [-4955391.2 3642255, =1163855.% 4.5 3.9 4.7 :-49553&5.3 A04224T48 =1163R47.4 3.2 3.0 4.0
1 i
| 603t IRVERCARGILL TPe4310%0.0 081340.6 —4597277T.7  heh 4.2 5.3 |-46313025,3 BO1333,9 —4597245.0 3.4 3.9 3.0
| s022 CAVORSHAM |-237%6246.0 4BTH55T.b +3345424.5 3.7 443 5.0 [-2375420.6 4D755446.T7 =3345411.1 2.2 3.2 2.9
| w038 SOLUNKD 1SLAND I=21409069,6  =5442T17.9 203534040  Zo% 348 ALoh [-21409G0.9 =5L42710.5 2015347.8 2.5 2.8 3.8
] 5039 PITCAIRN LISLAND  [=3724775.0 =4421234.4 =24L88094,46  To9 Ta2Z Tl [=3724765«9 =4421237.6 =2606004,T "4.2 S¢b 3.5
| &0s0 COCLS JSLAKRD { =741984.1 GYF0003.86 =L3205%7T«l 44T 6.8 4.7 | ~T419NL.T  6L90T9Z.9 ~1330546.3 4.5 3.7 4.2
I ¢oa2 ADDIS ABARA [ 4avne152.0 396825541 FEH3L047 2.7 2.9 3.4 | 4900750.7 396E257.7 YL6325.3 2.0 2.1 2.9
[ &0&3 CIRRQ SCMEEERD | 1271276.5 =3014750,46 ~5055947.1 3.5 4.2 7.0 | 1371375.9 -3614750.3 =5055927.8 3.3 3.8 4.8
E 604 % HEARD ISLAND P losteob.s  3604517.0 ~5071900.1 6.9 6.7 11,1 ) lo00ge7,9 3604606.6 ~5071073.1 6.8 5.2 T.8

1 : ’ 3
| 4045 MAURTITIUS | 3223434,T 5045343,5 =~219181B.0 3.6 4.0 4.5 | 3223432.0 5045336.3  «2191805.7 3.2 3.1 3.9
| #047 TAHGOINGA {=3341903.5 E345520.4 To3020.5 3.1 3.4 3.8 {-3261978.9 53650611.9 Tule2n,? 2.4 2.3 3.2
| sa50 PALHER STATION 1 1192479,3 =2451013.2 =5747052,4 5.0 6.3 9.B | 1192678,8 =2451D)15.6 =~5747034.,2 L,9 b.1 8.1
| &0ul MARSON STATION Poriieseral 21692%0,2 =50T74355.2 S0 4.2 T.3 [ 1111338.1 2169262.7 =5074334,1 4.9 2.7, bt
[ sco2 WILKES STATICN | —a0z6llsd 2409530,0 «5L1656%.9 4.6 44% T4 | ~9025083.8 2604522.1 =-5816551.8 4abh 4.0 5.4
[ £053 MLMURDO STATION (=-1210854.8 3111262.9 =-8213294.3 4,8 4.B 7.4 |-1310852.3 311237.5 =~5213276.5 hab A5 4.3
] &085 ASCENLION ISLAND } 6110349.3 =1571749.2 ~BT60L.3 3.3 2.9 3.4 ) £115334.2 -1571740.3 " ~AT78596.5 2.3 2.3 2.8
[ 5059 CHHISTMAS TSLAND [-5BEOS3%U.2  «24&03T4.4 22106346 4.3 Jud 445 [-5B085233.5 ~2448377,0 221671 .) 2.7 2.9 3.8
| | | ' .
[ &cud CULGOORA b TL1BS5 .0 2792045, =3200174,2 4.5 4,0 4.7 |-47%1650.0 21%2058,1  -3200144.0 1.3 3.3 11
[ coel SOLIH GECRCIA IS.| 2999921.2 =~2219366.3 ~5155047.1 3.9 5.9 7.8 | 2909915.6 ~2219349.3 ~51455244.0 3.7 5.7 5.3
| ¢¢as3 DAKAR | 50644793 «=10524%96.% 1612658.7 2.4 2.6 3.2 | 5084467.4 ~1B52495.8 161225%.1 1.7 2.1 2.5
| sos4 FORT LAMY | &nzA394.4 1617934,2 13217317 3.3 3,1 3.7 } 6023386.7 1617931.9 1331723.2- 2.7 2.6 2.2
1 s08&% HOHEWPEISSENBERG | 4213570.2 B200323.7 470278B.5 2.6 3.0 3.6 | 4213544.4 520030.0 LTOZTOA & 2.0 2.6 2.3
[ cted WAKE 1SLAND II [-5usu5500.7 13944%4,0 2093643.,0 2.9 3.2 3.8 |-5854571.2 139458604 2093B46,0 2.1 2.6 3.2
t Loe7 NATAL . | 51e8415.0° =20531939.9 ~650200,7 3.3 2.8 3.1 ) L1R619T.1 ~2553933.3 ~85A2T4.9 2.1 2.2 2.%
{ (oY) JOHARNESBURG } 5084837.1 2670346.5 =2T765109,3 4.2 3.5 5,3 | 5004530.4 2670341,2 =270809542 3.0 2.9 ha2

b

| sobe TRISTAN DA CUNRA | 49704320,9 «~1088871.1 =3823187.7 B.3 4.6 10 [ 4972421, 7 =~10R4DTL .0 ~30231467.8 6.5 b.b
{ co72 CHIANG MAt { ~961707.6  5%674062.5 203%207.4 5.9 5.1 4 [ ~94170241 526 T455,1 203931146 <547 4.0
] &C72 DILGD GARCTA | 19951234,3 8032292.0 ~Bl0T42,3 3.7 4.8 4 | 1905134.1 L0322062.4 ~B10732.7 3.4 3.7
| 4075 MAHE | 3002024.5% 5230240.2 ~51E95T.T 4.2 4.6 4 | 3602020.6 EZIR240.T -51594B.3 3.8 3.8
| &¢o78 QAT VILA |~5952307.7 1231910.5 =14925983.7 10.9 9.4 & J=5952303.%  123i904.9 =1925972.5 9.7 B.0 1
l 8111 WRIGHTWDOD 1 |=2400042.8 ~466T9%2.3 35L027%9.4 3.0 3.2 3 [=2440053,3 =40L679535.0 3502754.9 7 2.6 2.1
| o123 POINT DARRDY I-1081807.4 =012425.3 6019599.3 449 4eb 7 [-182179%.4 ~612439,0 &0195%0,7 Lab ok
} i34 WRICKTWOUD Il [=2440916.5 =4660082.46  35082454.1 3.0 3.2 13 [~244G90T7.0 =44L4603075.9 I582449.6  Tub 2.1

—— i, T . St ML S Sy S e B FTEE ST g, A . gy i Ky yS) S . S W S S — S




Table 14 (c_onf'd)
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{ TATION | . SOLUTION WN-l2 } SOLUTION WN-14
| N AME o U v W e, Ty L | i} v W
H I .
EDINSURG | -828491.0 ~5657406.5  2816025.5 3.3 3.9 440 | =020487.0 =555T7471,3 2816016,0 3.5 Zab4 2.9
COLUMETIA | =191294,0 «4947300,5 390326445 342 3.5 3,9 | =191291.0 ~49467203.9 39033252.8 2.9 2,2 2.4
RERMUDA - | 2308214,8  ~48T3614,8  3394560.6 3.7 5.3 5.0 | 2300212.4 ~4873598.3 339455A.,% 3.3 3.1 3.6
SEN JUAN | Z46%050.9 ~55234945,5 L05522,2 44D 4.h &7 | 2486504925 ~5534910.0 190%5513.1 3.7 3.2 4.0
GREENRELT [ 1130706,5 =4831337,2 39%414.4 2e2 2.7 3.1 ) 112070B.6 =2831331.3 3994135.5 2-0 1.7 1.9
DENVER . [=12460675.1 —4760258.0  4048997.B 4.6 4.2 4,7 [=1240470.2 =&7460242.1 404898543 4.2 2.8 2.9
JUPITER I S76261.3 =5601416.4 CBR025k.4 2.5 3.3 3,3 | 976761.3 =5601399.9 24002410 2.2 1.8 2.3
SUOCURY b 692618.T ~4247090.+4 44004877 4.0 5.7 5.4 [ 692820.7 =4347076.5 450047564 3.7 3.8 3.4
] ’ . .
KINGSTON 1 1384159.2 <=5720%680.0 1966554,4 4.3 5.8 S.9 | 1384158.7 =54054662.0 19656545,7 4.1 4a% 5.3
WIPPOLDER i 3923429.9 299his6.1 S0030E3,3  13.3 13,1 15,2 | 3923397.4 299009 .4 S002975.5% 8.5 10.1 4.9
ZIMMERWALD -4 4331212.7 JOTAT9.T  4623118.9 T.9 10.7 11.5 | 4331307.0 L 567490.8 4633108.3 5.7 B.3 S.k&
MLLVERN | 3°201p8.0 ~135006.T 503777442 12.90 1645 15.5 | 3920153.5 ~134804.5 5012134.9 8.9 14,3 6.9
HAUTE PROVERCE [ 457A328.1 457945, 6 4403204.8 6.4 10.T 10.2 | 45758322.1 457936,5 440319543 hel 0.0 4.4
NICE | 4579469.1 586502.7 438402804 $.3 10,4 30,1 | 457¢453,2 SE65T3e5 &IRL41%,2 4.1 7.9 4,3
MELVLON I 4205429.1 16206%5.6  A7T7055C.9 9.0 12.3 11.8 | 470%4624.9 16263246 4T7e540.8 .5 9.7 5.8
CRGAN PASS {-1535753.1 =51467026.6 34010471 4.6 3.9 3.8 |-1535750.7 =5167014,4  3401039.4 4.2 2.8 2.1
. l .
DLIFANTSFONTEIN | 5056115.1 27146514,0 =2775702.%9 A.2 3.6 5.3 ] S058108.4 2716508,.7 ~2775758.8 3.0 3,0 4.2
SAN FEANANEG ] 5105509.8  =55%5209.7  37c0660.6 6.3 12.9 p.5 P 5:05500.5  =555271,5  3769576.0 3.4 10.0 4.0
TOKYD |-3946751.4 3366303,2 3698030.3 11.2 IN.3 9.8 [-394L730.5  3364286.1 3698E622.9 %2 2.0 7.5
AIRT TAL | 1018153.3 - 542111%.3 ILONEZ2.2 14,2 10.9 9.b [ 101G8154.5 5471100.7 3108625.6  12.4 5.5 6,0
LREQUIPA I 1952762.4 =5F0410),6 =1746905.8 2.8 4,0 5.3 | 1942740,9 ~5804000.2 =1794500.9 2.5 2.9 b4
SHINAZ . | 3376872.6 44039300 3136253.1 0.1 10,3 9.5 | 3376875.2  44039T6,2 31346257.3 G.8 &.1 b.1
CURACAD | 2251813.5 =5818923.6 13271697 2.8 3.5 3.0 | 2751810.T =5316917.6 1327162.4 244 2.1 3.4
JUPITER : 976275,2 ~5601518,1 20B0244,0 2.5 3.3 3.3, ] 976276.2 =5401402.2 28600234.5 2.1 l.B 2.2
. [ .
vILLa DOLORES [ 2200578.% ~4914584.8 - ~3353398,0 2.7 3.6 5.3 [ 228D575.3  =4914500.2 =323553p£3,7 2.5 2.7 3.7
MAUT {—5464008.5 -2404310,5 2242108.7 403 Beh 3.9 | -S46E0LT.0 »24042)12.7 2242100.4 3.0 2.9 3,2
MOUNT HOPKINS 14193679941 «~3077719.4  31331926.) 7.3 4.3 b4 |-1936789.3 ~5077714,7  3331922,7 7.1 5,3 %.3
ACDIS ADADA | 4%03727.7 398570846 ¥53853,2 248 2.9 3.4 | 4903726.6 S985204.3 943659,4 2.1 2.1 2.9
NATAL [ 5106459.3 =38530874.6 =~854317.9 2.4 2.9 3.2 | 51084414 ~3853071,.9 ~654314.1 2.1 2.2 2.7
COMDDORD REUDAVIA | 3893795.3 ~4112254,3 =4%R5844.1  B.4 Fed 1423 | 169379703 ~6112353.1 ~45%4422.0 B.3 8.8 11,2
ATHENS | “6D0066.7 2629704.0 IV0ILET 4 6.0 12.6. 0.9 | AoCADsD.S 2029%6%2.2 3803562 .2 4.2 10.3 4.4
DICHYSDS i 4595164.1 2039433.4 3912475.8 6.0 12.6 8.9 | 45951%8.9  203%417.6 3912670.6 el 1043 4ok
: ] .
COLD LAKE [~12646834.5 =3488912.6  $10%5449.2 5.2 6.5 T.7 |=1264831.9 =3460915.4 5185450.9 4.7 5.5 4,3
EUXARDS AFB [-2450022.2 =46244308,2 26350414 3.1 3.2 3.8 |~2450012.7 =4424431.6  3635036.6 2.8 2,2 2.4
HARESTUA I 3l21z202.8 592807.0  3312720.9 9.6 1l.é 15,5 § 1121781.3 £92605.7 5512723.0 8.6 . 9.4 5.0
JORNSTON ISLAND  |=6007458,1 =1111834,2 1R25730.0 10.9 20.6 B.0 |-4007428.7 =~1111852.5 1825733.9 8.9 19.8 &,¢&
RIGA { 3182691.2 1421439.3 5322819.8  13.1 11.7 la.y | 2183097.6 1421428,.7 532201407 12.3 9.4 7.0
UZHSCRAD | 3%07423.8 1602394.,2 4T63932.T 1042 12.6 13.7 1 3907419.2 1502370 .86 47539221 T29 10.4 5.9
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3. ACTIVITIES RELATED TO EOPAP.
(Grant No. NGR 36-008-204)

3.1 Earth Physies Application

3.11 Proposed Parametric Evaluation of Earth-Moon System

The main purpose of this research is to combine earth to earth and
earth to moon observations to determine the parameters of a non-rigid

dynamic Earth + Moon System.

3.111 The Observations Systems

Specifically, the environment for this investigation will consist of
the following types of observations:

a) Darth to Moon Laser Ranging. Lunar laser ranging currently
in operation affords a very precise earth~moon distance measurement, Two
independent reports have investigated the simulated use of lunar ranges for
positioning [3] and geophysical [4] purposes.

b) Earth to Satellite {(e.g., LAGEOS) Laser Ranging. The proposed
launching of LAGEOS under EOPAP (2] would be utilized to simulate ranges
as an excellent, precise and repeatable environment.

¢) VLBI Observations. A modification of 1Vthte simulation {3] with
the inclusion of Earth/Moon differential interferometry [1] would be utilized
to provide precise distances and orientations with Apollo Lunar Surface Ex-

perimems Packages, ALSEP's,

" 3.112 The Parameter System

The proposed research is being conducted to develop an exhaustive
model in respect to the following parameters: -

Polar Motion (incl. rotation)

Earth-Tides

Variations in Station Coordinates.
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3.12 The Altitude of LAGEQS
3.121 The Satellite and #s Altitude
In the near future a satelliie LAGEOS (Laser Geodetic Saiellite) will

be launched to enable accurate range measurements for both geometric and
orbital-mode determinations of positions on the earth,

Ideas of launching a very dense spherical satellite (reduoéd effects
ol atmospheric drag and solar photon pressure) existed as early as 1964,

A seminar on Solid-Earth and Ocean Physics at Williamstown,
Massachuselts, in August, 1969 suggested that satellite techniques (orbit
accuracies of 10 em) should be applied to the measurement of crustal mo-
tions, both on a global scale and in active fault zones. .

SAQ designed a 76 cm diameter, SGOG kg satellite named Cannonball
and submitted the proposal to NASA in 1970.

The redesigned and renamed (LAGEOS) satellite is retained in EQPAP:

Shape . sphere
Radius 22 em
Mass 680 kg

76



Mass-to-area ratio 4470 kg m™*

Ixterior surface aliminum
Material yeee

Nodal period 16642 min
Inclination 90°+ 1°
Eccentricity 0.02040.015
Altitude 3700 km (7?)

SAO also performed compreheﬁsiﬁe studies of the influence of var-
fous satellite parameters on the range measurements [Final Report on
" Grant NGR 09-015-164].

Because of the still open question of the altitude of LAGEQS a re-
view will be given of the posﬁ,lve and negative aspects of low and high
altitude orbits:

-the orbital altitude should be high enough to reduce to an acceptable
level orbit errors resulting from uncertainties in geopotential models

-the orbital altitude should be low enough tp proﬁde good signal~to-
noise ratios with a retro-reflector array of reasonable dimensions

-all perturbations except the gravifational one can be reduced by in-
creasing the mass-to-area ratio, which suggests lowering the orbit altitude
to allow more satellite weight

-the return-signal strength is strongly attenuated by increasing range
(R™*), which implies that the orbital altitude should not be any higher than
necessary

-the rate at which information is generated usually increases as the
mean motion - and therefore the number of passes per day - increases,
which suggests a lower altitude

-the satellite must be visible from all observing sites of interest.

I we assume a maximum zenith angle of 75% and that about 50 global sites
might be occupied during the course of EOPAP, the average separation of
adjacent sites would be just under 30° (great circle), suggesting minimum al-

titude of about 3000 km.
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~three forces that significantly influence satellite trajectories are
gravity, atmospheriec drag and photon pressure. Orbital errors arising
from gravity and drag can be reduced by increasing satellite altitude
Errors arising from photon pressure can be reduced by increasing the
mass-to-area ratio .

-the orbital altitude must be adjusted in order to aveid, as much as
possible, all resonances with the geopotential.‘ We must surpress perturba-
tions that have periocds commengurate with the earth'’s rotation. Consequent-
ly, we should avoid satellite altitudes that result in mean motions of exactly
n or nH/2 revolutions per day etc.

-orbit perturbations caused by geopotential structure are attenuated
by increasing sa,tellité altitude: the effects of short-wave length features in
the geopotential fall off more rapidly with altitude than do those of long-

wave length terms.

The 5‘cm accuracy i'equirement cannot be met for the proﬁbsed
LAGEOS orbit without improvement in the aceuracy of current gravity field
models. ) _ _

As part of EOPAP, geopotential orbit errors for LAGEOS will be re- |
duced to the required levels for orbits at altitudes 3700 km or higher. '

-with the proposed orbit a midlatitude station will have an average
of six passes with 20° or higher elevation angles each day, with northbound
and southbound (satellite motion) passes, with passes both to the east and to
the west of the station, and with a variety of elevation angles. This varia-
tion in pass-geometry will significantly reduce the influence or orbital errors.

-orbital errors caused by earthshine can be reduced by increasing
the orbital altitude. However, a large altitude increase would he needed to

effect a significant reduction.
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Table 3.1-1

Altermative LAGEOS orbits and payload weights for the TAT(9C) /Delta/TE 064
Inunch vehicle in polar orbits.

Relative magnitudes of
orhit perturbations

Orbit - Payload
Orbit altitude weight Direct
(rev/sidereal day) (lan) (ke) solar Earthshine

8. 55 3720 680 1.0 1.0
7.55 4600 600 2.9 R s

, 6.55 5650 500 9.3 3.8
5. 55 7100 440 _ 33 7.9
4.50 9000 390 120 - 14.8
3.55 11800 320 600 32

3.122 The Measurements
‘ Mainly two methods of laser range measurements to satellites are
available: |

A, Simultanecus range measurements (geometric mode)

In this method at least four stations measure simultaneously ranges to
a satellite.

A large drawback of simultaneous measurements is the requirement of
simultaneous good \veatﬁer conditions at the four stations.

The geometric mode will still be included in our discussion because
it represents the most ideal situation in which station coordinates can be de-
termined by laser range measurements.

By inspecting this method we will aj:. least obtain the upper limit for
the accuracy of the station coordinates, not obtainable by any other mode ex~
cept from simultaneous observations from five or more stationg,

B. ©Short-arc measurements (orbital mode)

Short arc methods are more feasible hecause of the absence of simul-

taneous good weather requirements,
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Despite its more realistic value this method has a disadvantage be-
cause the model is not only described by parameters as station and satellite
pésitions (the latter ones can be éliminated), but has also a large number
of additional parameters.

In cases of the short arc methods these extra parameters are mainly
the potential coefficients of the earth's gravity‘ field and the orbital parameters.
Due to uncertainty of these additional parameters we expect to ob-
tain lower accuracies for the station coordinates than those obtained by simul-

taneous laser range measurements.

3.123 Geometric Accuracy Obtainable from Simultaneous Range Measurements

to Batellites

The following discussion is ‘Based on the paper by L. Aardoom, pre-
sented to the Third International Symposium (-)n the Use of Artificiai Satellites
for Geodesy, April 1971, Washington, D. C.

A prime interest is the variance/covariance matrix of the interstation
distances. Restricting to four-station figurations one obvious model is con-
sidered: three stations arranged as an equilateral spherical triangle around a

central station (see Fig. 3.1-1).

Fig. 3.1-1

Obvious Model Station Configuration (8 is geocentric angle).
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Basically, two variance models for the range measurements have

been considered:

Case A: The variance of the range measurement depends on the

range (1) itself, thus
o= 1767
1

Perhaps not an unreasonable model due to range uncertainties orig-

o°= constant

inating in the influence of the troposhpere on propagation velocity.

Case B. The variance of the range measurement is not dependent
of the range, thus
crlz= constant -

This is the more accepted model today.

Case A

=1, =0 =0 =
G =50 1T %m0

Consider the ratio M

: i
. var (InL) 2_ o,
") var (Inl) T

where L= interstation distance
1= station-to-satellite distance _

From figure 3.1-2 it can be easily seen that for the model
0'1"—“1.0' an altitude of about 2000 km yields the smallest proportional standard
deviation M, provided that the stations are about 1550 km apart (maximum
zenith distance = 75°). .

The next figure (3.1-3) suggests that something can be gained by in-

creasing the maximum zenith angle. Especially in the range of 60° to 75°

a substantial improvement can be obtained.
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Fig. 3.1-3
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From these figures (£ =75%) for the LAGEOS case the following

numbers can be interpolated:

Altitude (II) Optimum Interstation Proportional
distance (L)} Standard Deviation (M)
3700 km 1850 km 50 X
7500 2500 70

From the shape of the curves in Fig. 3,1-2 it is easy to see that
at low satellite altitudes the optimum interstation distance is more critical.
For example, in the low altitude case increasing or decreasing the intersia-
stion distance by 1000 km from the optimum distance the accuracy decreases
by 150% while in the higher satellite case by only 55%. On the other hand

the higher satellite is 40% less accurate even when the optimum interstation

distances are maintained.

Case B

In this case 01 = constant, and Figure 3.1-4 applies. The general

shape. of the curves immediately reveal that higher altitudes are more pre-

ferable. In the figure ay
g=
Interpolation gives the following numbers for LAGEOS:

Proportional
Standard Deviation (u)

Optimum Interstation
distance (I1.)

3700 km 1250 km | 45 X
7500 1500 : 35

Decreasing the optimum distances by 500 km the accuracy for f;he lower satel-

Altitude (H)

lite decreases by about 25%, for the higher altitude by 15%. The higher satel-
lite is 22% more accurate when the optimum interstation distances are main-

tained. Increasing the optimum distances with reasonable amounts is not

critical.
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Fig. 3.1-4
Conclugsions: In (ase B higher is the satellite less sensitive is the solution

to the interstation distances. If the lower proposed altitude of LAGEOS is
to be the standard for optimum interstation distance, the range of such dis-
témces for the higher altitude will have to be limited approximately to 800~
2700 km. This accuracy is about 45 X the accuracy of range observations
for a single ranging from the four stations. Thus if 200 observations are
made with 2 c¢m accuracy, the expected interstation distance accufacy is
45 x 2/v2060 = 6.4 cm, provided that for the lower satellite the intersta-
tion distance is 1250 km, and for the higher one it is between 800-2700 km,
Outside this range the accuracy will decrease. l

In Case A the accuracy obtainable with the optimum interstation dis-
tance for the lower altitude (M=50 X) can not he reached at all with the
higher satellite. The estimated maximum accuracy with the higher satellite
is about M = 70 X. This could be reached with an interstation distance of
2500 km. The same {(or befter, down to M=50 X) accuracy can be reached

by the lower altitude foi‘ stations 1300-2800 lan apart.
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3.124 Proposed Investigation of the Geometric Accuracy obtainable in
the Short Arc Mode

Realizing that _the calculations in section 3.123 are only very
approximate and they don't reflect practical considerations, an attempt will
be made to pin down an optimum altitude for the short are mode.

The investigation will consist of two pai'ts: |

A. QGeometric Effects

The optimum altitude will be determined by the position .of the
observing station with respect to the orbital plane:
-Unfavorable case: Satellite goes through zenith
Advantage: Many observations
Disadvantage: Weak c{etermination of station perpendicular fo
orbital plane ) )
~-Favorable cage: Satellite is at closest approach at a low elevation
Advantage: Sirong determination of station coordinates
Disadvantage: Few ocbservations
The optimum between the favorable and unfavorable case will also depend on
1. altitude of satellite H

2. max.zenith angle

3. var/covar. model o = 1.0, or
CJ'1 = const,

4, refraction model

B. Physical Effecls

The coordinates of the satellite are not strictly known due to
the uncertainties in the potential coefficients of the earth's gravity field.
Effects (parameters) as drag, solar radiation, initial orbital elements, will
also influence the coordinates of the satellite in the short arc.

Another. subject will be the investigation of the possibility to recover

time dependent station-coordinates.
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3.2 Qcean Physics Applications

During this reporting period a basic study was conducted to eval-
uate and discuss the possible contributiong of geodesy to ocean physics
program of EOPAP. This study is partially based upon earlier publica—
tions of Jet Propulsion Laboratory, Battelle Columbus Laboratories and
NASA. TFor obvious logical reasons we have subdivided this study into four
parts:

3.21 General remarks and definition

3.22 Problem areas and Accuracies (achieved and desired)
3.23 Solution of problems and conceptual approaches

3.24 Conclusions and recommendations

3.21 (General Remarks and Definition

Since over a decade scientists have been involved with precise loca-
tion of stations in the oceans for obtaining gravimetric, geophysical and ocean-
ographic data. The first published paper, proposing a method for the es-
tablishment of such station, is the result of the research done at Lamont
Geological Observatory [Ewing, et al. 1959, pp. 7-21]. Ewing called such
stations as "Geodetic bench marks at sea', which were established by using
the SOFAR sound transmission, by which the high geodetic accuracy could
not be achieved. George Mourad [1965, p.5~10] proposed a geodetic method
for establishing the ocean-bottom bench marks, by using satellites, EDM -
and sonar instrumentation. As sonar instrumentation iS the only way for
underwater measurements, Mourad introduced a new term "marine geodesy'
to differentiate it from the classical geodesy. As we will see later in sec-
tions 3.23 and 3.24 that to solve most of the problems, precisely located
stations on the ocean-bottom are needed, which could be congidered partial
or local geodetic nets, thus the term 'marine geodesy' appears to be very
appropriate. We would define marine geodesy as the science which defines
and establishes control-peints in and/or on ocean, and the shape of the ocean,

including its floor.
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3.22 Problem Areas and Accuracies

The problem (application) areas could be classified either according
to the physical aspects of the ocean {on the oceanic surface or within ocean-
ic water} or according to the scientific and practical needs. The following
scientific problem areas bhave been partially mentioned in many publications
[Anon, 1972b; Kaula, 1969; Loomis, 1972; Mourad and Fubara, 1972]:

a. Topography and Mapping

b. Positioning and Navigation

c. Boundary Demareation and Determination

d. Sea-level Slope Determination

e, Tgunami Warning System

f. Recovery of Underwater Objects and Equipment

g. Ecology
h. Gravity Measurements at Ocean floor
i Ground Truth and System Calibration

E is worth mentioning here that our effort will be concentrated on
the subsurface {underwater) problems.

a. Topography and Mapping. As the resources of the ocean hottom be-

come more developed, the need for an extensive survey of its topography
increases. Projections indicate that by 1980 a third of the oil production -
four times the present output of 6.5 millions barrels a day - will come from
the oceans [Anon, 1969, p. 85}. TFurther for laying cables and oil pipe-lines,
for emplacing geophysical and geodetic station at the ocean floor, for deter-
mining the dump-sites and new land acquisition (similar to Hawaii Experiment
to acquire land from the ocean for airport expansion), and for bathymetric.
navigation a reasonably good knowledge of ocean-bottom topography is neces-
sary. How far are the oceans mapped can be realized from the following
statement [Cohen, 1970, p. ix]: "When a student recently requested a govern-
ment agency to send him "a map of the uncharted areas of the Pacific," he

received exactly that--a graphic based on extremely sparse and dated informa

tion. X is deplorable and dangerous fact that this situation still exists in
vast areas of ocean. TFor much of the Pacific, the most recent source of in-

formation is the United States Exploring Expedition which Lieutenant Charles

8%

L



Wilkes led in 1838."

b. Positioning and Navigation: Positioning and navigation can be sub-

divided into the following three categories:

(i) General Navigation (long range), This includes ships and other ve-

hicles on the ocean surface. Is accuracy requirement:s are most probably
met with the existing Navy Navigational Satellite, and in future with the
stationary satellites using doppler systems, However, navigational accuracy
requirements for certain fishing "boats' is 45 m; these hoats are used up
to 300 miles off coast in up to 250 fathom depths [Anon, 1972d]. To achieve
such accuracies better navigational systems are required.

(ii) Submersible Navigation (short range). The short range submersibles

are used for underwater research, for multipurpose exploitations on the con-
tinetal shelf and deep oceans. These small vehicles are usually battery op-
erated, and are brought to the work-area from where they initiate their op-
eration. Their navigation system is limited within 5 mile range with capa-
bility of pinpointing their position to + 1 foot in each of the three dimensions
of movements; this * 1 foot accuracy is with respect to local control.

" To achieve this accuracy three hasic types of devices are used: sonar
doppler system to obtain speed and distance, sector display system for pas-
sive target location and general collision warning, and sonar buoys for .posi-
tion fixing. The last system using sonar buoys is of interest tb us. The con~
ventional position determination underwater is done by emplacing three
transponders on the ocean-bottom, whose known positions along with sonar
range data are used to determine the unknown position of the submersible.
Details of this system and its drawbacks will be dealt with in section 3.23.

(iii) Submersible Navigation (long-range)., To this group belongs the

gubmarines (Polaris i.e., missile and non-missile) and the submarine cargo
tankers. The systems used for submarine navigation include 3 SINS (ship's

inertial navigation system),Doppler and Loran-C. Due to the lack of precise
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information regarding submarine navigation, which is a classified area,
let us evaluate the accuracies of the gbove-mentioned systems.

Although SINS is a self-contained system, which needs no external
reference, its accuraey is low, caused by an inertial drift of 108 m/hr which
is accumulative with respect to time. To update SINS, doppler observations
are regularly made by "popping up" the doppler pole antenna over the ocean
surface after a few days, and also continuous positioning is done using Loran-C
" floating antenna, which always remains on the ocean surface. The positional
accuracies obtained by doppler (Navy Navigation Satellite) is + 0.22 n.m,
and by Loran-C # 0.5 miles up to 1000 miles and + 5~15 miles beyond 1000
miles off coast {Beck, 1971, p. 48-50]. As such the total accuracy of sub~
marine navigation can not be better than + 0.5 miles (:+ 800 meter) up to 1000
miles and £ 5-15 miles beyond 1000 miles off the coast.

These accuracy estimates might be satisfag:tory for long-range submar-
ine navigational requiremerts so far as they can obtain measurements from

Loran-C and doppler. But the problem remains for the following two sub-

marine navigational needs:

1. Submarine navigation under ice-capped oceans, where one has to

depend only upon the SIN—systems, which have a drift rate of 2.6 km/day. To
update SINS under iced seas, the only possible way is sonar navigation 'by
providing ocean-bottom transponders along the desired route. Such a tech-
nique could open an easy and fast way of transporting oil from the North

Slope of Alaska.

2, Short range submersible navigation ‘beyond 1000 miles off coast.

As the short range submersible is brought to the work-area due to its limited
5 mile range navigation system, their "carriers" - the long-range submers-
ibles - should have their positional accuracy within + 5 miles when they are
heyond 1000 miles. This is however not the case. Thus we require better
navigational system at least for those long-range submersibles which cooperate

with short~range submersibles.
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¢. Boundary Demarcation and Delermination. The boundary demarcation

could be either for national, international or commercial purposes. Inter~
national boundary limits, which include national limits, for territorial seas
and ﬁshing jurisdiction are mostkly within 12 n.m from the coastal line,sel-
dom up to 200 n.m [Anon., 1972a, pp. 118-121]. Boundary determination
and demarcation up'to 12 n.m from the coast can be done by using EDM-
Instrumentation., The demarcation in free ocean, such as 200 n.m limits,

remains an unsolved problem.

Further continental shelves/slopes and free oceans are being searched
for mineral resources and fuel (gas and oil). As the existing port facilities
are inadequate for huge oil tankers, plang are to construct super-ports in
the ocean far away from the crowded not-deep enocugh coastal area. Recom-
mended are construction of large nuclear power plants in the ocean for the
ocean will serve as the logical coolant [Shoupp, 1973]. All these developments
make the ocean very valuable. To accomodate all these groups interested
in getting their share of ocean, it should he divided in cells and leases granted
to the interested group. Leasing of cells involves legal definition of under-
water boundaries and their practical demarcation becomes necessary specially
when the lease bid from the oil industry went as high as $27,400 per acre
[Anon., 1970a, p. 215]. According fo Jones and Smith [Anon., 1970a, p. 219]
an accuracy of + 25 feet is satisfactory for practically all work performed in
the deveopment of an offshore oil field, In deep~occean after 100 miles from
the coast this accuracy is not yet available, though perhaps technologically
feasible.

Thug the situation remains the same whether the boundary determination
is for oil exploration, for superport site or for nuclear power plant site. Due
to the high leasing costs the boundaries in the oceans have to be determined

accurately up to + 10 m.

d. Sea-Level Slope Delermination. The oceanographic results,
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on both the Pacific and Atlantic Coasts of the U.S., indicate a slope downward
to the north, with the large magnitude on the Atlantic Coast. Whereas U,S.
Levelling net' adjustment of 1963 indicate a rise in sea-level from south to
nerth, with a slope of 2.8 x 10”7 on both sides [Sturges, 1973, p. 28]. A
discrepancy of about 1 m exists between geodetic and oceanic levelling in
north-south direction.

If a £ 10 cm accuracy could be achieved in determining the ocean
~depth at a particular point, i.e., between the ocean surface and the ocean-—
bottom transponder, the discrepancy between the geodetic and oceanic levelling
could be resolved.

Once the three-dimensional position of the ocean-bottom transponders is
known, change of water column height with an accuracy of £+ 1 mm could be
measured by the water~pressure sensof [Loomis, 1972, p. C-15]. Thus the
average sea-levels for certain stations on the Pacific and the Atlantic coasts
could be determined, from which the comparison of geodetic and oceanic level-
ling results can be made.

e. Tsunami Warning System, Tsunamis are long sea waves, which are gener-

ated by a sudden vertical faulting (shift) of the sea-floor associated either by
an earthquake with its hypocenter (focus) bgneath the sea bed (Figure 3.2-1) or by
a submarine landslide caused by an ea;rthquake with its epicenter possibly on
land (Figure 3.2-2). ‘
The abrupt vertical digplacement of the sea floor ig trangmifted to

the sea surface as a crest or a trough. The wave then propagates in all
directions across the entire ocean basins with a gpeed, which is a function
of water depth, piven hy \/é;.—h, where h = water depth. In the open ocean

1000 meter deep, a tsunami wave will have the speed of 100 m/sec and
the wave height is limited to a few meters, normally a few tenths of a meter
according to [Bullen, 1963, p. 319-20; Loomis, 1972, p. C-9 to C-10]; and
about 30 c¢m [Zetler, 1972, p. 26-22}, but the principal wave-length may

be of the order of some hundreds of kilometer, and the principal wave-period
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of the order of some tens of minutes [Bullen, 1263, p. 319].

As these waves approach the coastal slopes, the wave-length decreases
and the amplitude increases,. building up to destructive heights. In U~ and
V- shaped inlets the tsunami wave can reach a height of the order of 20-30
meters with an on-rush speed of above 10m/sec (36 km/hr).

Destructive tsunami waves have been entirely restricted to the Pacific
Ocean. They have tended to be generated in approximately 15 specific seis-
mic areas in the approximately 36,000 mile earthquake and voleanic belt cir-
cumscribing  the Pacific; only about half of these are currently active.
However, the active areas are limited to approximately 15,000 miles.

The existing tsunami warning system (Fig. 3.2-3) with headgquarters
at the NOAA Honolulu Observatory uses an array of 21 seismograph and 41
tide stations around the Pacific. The initial svarning of a potential tsunami
is the recording at the Honolulu and Tokyo Centers, of an earthquake of 7.0
magnitude or larger within the Pacific area. The location of an epicenter
for such an earthquake is usually computed in less than an hour. The tide
stations near the epicenter are then asked to report their data and to confirm
if a tsunami wave has actually been generated.

After reviewing the seismic and tide-—gauge data, and the past historiesg
of the known tsunami origin points and their destruction areas, a decision
to issue a tsunami warning is made. For localities near the epicenter warn-
inge may be issued on gseismological data only. Two-thirds or more of all
tsunamis warnings are false alarms [Loomis, 1972, p. C-11; Zetler, 1972,
p. 26-27]. '

Thus we face fhree problems:

(i) Our present ability to predict tsunamis is practically unsatisfactory;

{ii} Even after a tsutnami has been generated, its energy density and

its velocity of propagation in open séa is impossible to predict; and-
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(liif) The most serious problem is the fact that the propagation vel-

ocity of tsunami in shallow areas is strongly affected by the ocean bottom

topography and shore line contours, and as a result a substantial portion

of energy in a particular tsunami can be focussed on a relatively small

segment of the ocean shoreline, where the most destructive effects are

experienced,
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f. Recovery of Underwater Objects and Equipments. Scientists working

with submerged instrumentation face a basic uncertainty about the recovery
of the instrumentation from the ocean. Océaﬁographers and geophysicists
have often mentioned their failure to recover most of their submerged .
equipment. The fact that the ocean bottom trans.ponder net with 3 trans-
ponders-array-configuration is used in the test areas, it appears that either
this 3 transponder conlipguration is not functional, or the geodetic technique
is not clear to the users. Whatever may be the reason, the problem to
recover the valuable scientific equipment from the ocean remains to be
sdlved.

g. Ecology. . For ecological reasons trend is to dispose of the garbage
in the oceans al pre-selected sites‘.. Experiments are being conducted here
in America and in Japan for finding a suitablé way for ocean W&Stev disposal.
The by-products of this ecology experiment are: (i} cities have no more dunip
site problems, and (ii) acquisition of "new land" from the oceans; such ideas
exist to obtain "new land" from the ocean for airport expansion in Hawaii.

The garbage undergoes chemical tests and treatment; before compact-
ing the garbage in rectangular bundles, it should have a well-defined chemical
composition and degity. These garbage rectangular packages can then be
dumped at pre-selected sites, for which a good knoWledge of ocean hottom
topography and a good positional accuracy of the dump vehicle (ship/boat)
are necessary. Both of the_se requirements are lacking.

h. Gravity Measurements at Ocean Floor, Gravity work and other geo-

physical surveys in the oceans could ncither be inﬁerconnécted nor connected
to a datum. According to Hendershott [Loomis, 1972, p. C-14] for mean-
ingful results these surveys should be comnected to some ocean-boitom control
net, which does not yet exist.

i. Ground-truth and System Calibration. @ is surprising that the existing

instrumentation for measuring water depth in free ocean can not be tested
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for its claimed accuracy due to non-existing civilian facilities for calibration
[Thompson, 1973]. However there exist 5 naval calibration sites [Anon,
i970b, p. 118]. '

In Table 3,2-1 are shown the accuracy requirements for various
tasks as estimated by various studies. In the last column are given our

estimated accuracies.

3.23  Spolution of Problems and Conceptual Approaches.
" The ahove-menti oned problem areas can be solved by means of (A)
a CGlobal Marine Geodetic Control-Net (GMGCN) on the ocean-floor, (B) Ad-
vanced Satellile Instrumentation (ASI), and (C) Underwater Sonar Instrumen-
tation (USI).
a. Global Marine Geodetic Control-net (GMGON)

The idea of a global marine geodetic corntrol net (GMGCN) was first
mentioned by Ewing and his associates [1959], and later meodified by Mourad
[1965]. LIEwing propbsed SOFAR sound transmission to measure distances
between two bench-marks where a bench mark was defined as the point on
or beiow the water surface from which the roundﬂfrip travel time to all the
three ocean-bottom acoustic transponders, placed at the corners of an equi-
lateral triangle, would be equal, Mourad proposed geodetic (electronic dis-
tance measuring instruments), acoustic (sonar insitrument) and space (satel-
lite instrumentation) techniques. Knowles and Roy [1972] describes a system
basically similar to that of Mourad and Fubara [1972] but with 6 ocean-bottom
transponders instead of 3 in each array.

The deficiencies of the above-mentioned systemé. are:

{1) The accuracies given by them are not 'realistic", as these
ocean-bottom arrays were neither comnnected to any geodetic coordinate system
nor any provision was made for such a connection, which is one of the main
objectives of EQOPADP, |

{2) Although a ship is used to determine the positions of the ocean-

bottom transponders, its (ship's) coordinates are considered errorless, which
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Table 3.

2-1

Positional Accuracies Requirements [in meters]

_ Batt elle Study

Chart Acec. _ QOSU
[Cohen, . . . . : Estimated
TASKS 19701 Desired Absolute Desired Relative Achieved {Desired
© A h © A h ~ |Accuracy+
~1
Navigation:
General Navigation
(L.R.)* + 3000 + 45-500
Submersible* (S.R.}* + 300 +1m
Submersible* (L.R.)* £ 2000 + 500
Ocean Resources
Geophysical Surveys !
(0il expl.) + 200 £ 10-100}+ 10-100 £ 5 + 15
Drilling + 25 + 1-5 i+ 1-b |4 1-H + 10
Pipelines + 1-10 )= 1-10 - = 3
Cable laying £ 100 + 1-10 = 1-10 - + 3 -x10
Dredging/Mining £ 25 i+ 2-10 (£ 2-10 | - + 2
Geodesy & QOcean
Physics
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Mean Sea Level + 50-100:+ 50-100/% 0.1 + 0.1
Stationary Buoys Loc. + 10 + 10 -— |£10 +.10 - + 0.1
Boundary Demarcation + 50-300 |+ 10
-National + 10
~-Infernational + 10
~Ocean Cadastral ’ + 10
Ecology + 250 ; + 10-50
Search & Rescue + 25 +20-100 |+ 20-100 -- |+ 1-10 [+ 1-10 - :|:12¥200_ + 10-20
Tgunamis + 0.1
*Excluding Submarines - No Estimate Available

HJones and Sheriff, 1969; Put7ke, 1969; and Anon., 1972‘0 Beck, 1971]
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are either obtained by Navy Navigation Satellile or by airborne techniques
(Lorac) to an accuracy of a few dekameters or more (30-100mj[l.oomis,
1972, p. IV-6]. Thus the accuracies of transponder positions are de-
rived from in-error ship cositions.

(3) Transponder depths are used in the computations. These are
not the measured quantities, but are computed from slant ranges between
- the ship and the transponders. To be mathematically rigorous, the depth
should be measured quantities and due weights should be applied to them.

(4) The mathematical -derivatiors are rigorous in the beginning, but

are approximated later, thus introducing modelling error.

The above-mentioned deficiencies can be overcome in the following
way':

(1) An ocean-bottom transponder array should consist of 4 trans-
ponders instead of the conventional 3 in each arrziy; this will avoid the
singularity of the system, and alsc will be useable if one transponder ceases
functioning. However, a study is imperative to find how many transponders
are necessary in one ocean-bottom transponder array, specially because
Mourad thinks 3 transponders in each array are required and Knowles
thinks 6. We have also to think how these trnasponder arrays are placed:

before emplacement of these transponders a reasonably large area ( 25-40

miles squares) of the ocean bottom is mapped using Depth Sounders. Then
a smaller flat area proportional fo its waterdepth is selected for transponder
arrays. This water depth-flat area ratio limifs the array configuration, and hence
the number of transponders in each array. For practical reasons the term bhench-
marlk should be defined physically as a par’ﬁieular transponder of a particular
array and not as a fictitious point as defined by Ewing, et al. [1939] and
Mourad [1965]. ’

{2) The number of transponders in each array could be decreased to

3 if somehow the directions between the ocean-bottom transponders and the
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ocean-surface transducer could be determined. These directions would pro-
vide necessary constraint to the control-net, thus avoiding the singularity
and providing a unique solution. A system to measure the directions be-
tween two sound sources can be designed with the existing technical know-
ledge similar to th_at of Electronic Angles Measurement Systems.

(3) The depths of the transponders should be actually measured, and

then compared with the computed depths. The only problem in this is that
there are no exactly known depths in the free ocean, which can be used as
ground-truth to verify the accuracy of these modern sonar instruments
[Thompson, 1973]. The instrument (Innerspace Autotrack Model 404) can
measure depths up to 10,000 meters with an accuracy of +4.36 m.
This optimistic accuracy estimate takes into account three sources of error
(assuming a constant velocity of sound 4800 ft /sec.): (i) timing accuracy of
the oscillator (£0.00 25%) (i) vesolution of the display (£ 0.3 m) (i) reply
integrator time constant (.1 to 10 ms). |

However the above accuracies are quite small compared to the effect
caused by the difference between the actual and assumed velocity of sound.
A 10 ft/sec velocity difference will contribute to an error of 2.04%, which
is ope magnitude larger than the accuracy of the system (0.04%). Thus to
obtaine geodetic accuracies, it would be necessary to determine a profile of
the sound velodity vs. depth and then to calculate the average velocity at
the location of interest.

(4y The transponder arrays should be connected to some geodetic
datum, which can be achieved by using an Active Laser Satellité similar to
Geole system of DIALOGUE Project [Thieriet, 1972], 'floating buoy reflectors”
on the ocean surface and ground-based reflectors at known stations. Thué
a truly unified global network can be achieved even in the remotest ocean
areas., _

(5) A rigorous mathematical model is necessary, and the use of the

gravity information should be made.
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(6) To make the transponder arrays more versatile to be used also
ras a pgeophysical station for Tsunami warning, it should consist of a water-
pressure sensor and a vertical seismometer, both of these would be on the
ocean floor [Loomis, p.C-15]. A study of the essential instrumentation at
the ocean-bottom transponder site to enable it a multi-purpose station is
necessary, for which discussion with oceanographers, geophysicists and other
uéers are needed.

b. Advanced Satellite Instrumentation

An active laser satellite like Geole system of Dialogue Project could
be very useful. The Geole s;}stem should obtain accurate positioning of
slowly moving points (like buoys) to =Im over ohe-day measurements, and
to £10-20m every two hours from one single measurement [Thieriet, 1972].
The satellite will be at 3500 km height and will make the measurments.

c. Underwater Sonar Imstruments

Ag the only form of radiation, which propagates effectively underwater,
is sound, it is most imporiant for underwater measurement. The sonar in-
struments operate on a fixed theoretical sound velocity (4800 ft/ sec), although .
velocity of sound depends upon the conditions of the water layers (salinity,
pressure, temperature) and depth of water. How to calculate the correct
velocity at required depth or the average velocity during many water layers
has been achieved by determining a profile of the sound veloeity vs. depth,
and then to calculate the average velocity.

What has not been done and should be done is to verify the accuracies
of these instruments, which indirectly will involve verification of the calcu-
‘lated average velocity. 'There is no calibration range for civil scientific
purposes, although five test raﬁges exist for naval use [Anon., 1970, p. 118].

A eomparatively easy development of an acoustic instrument to de-
termine directions between two sound sources is necessary to lessen the

number of transponders in each array.
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The conceptional approaches mentioned in this section can be sum-

marized as follows:

{1l An active laser satellite around 3500 km high in circular orbit
is neéessary. Thus the position of floating buoys/ships could be determined
within £ 1 to 10 meters, which will further improve the ocean-bottom trans-
ponder position. & will also connect fhe ocean-bottom transponder net to
a unified global datum, and demarcate and determine the bhoundaries
(national, international, leasing) in the l0pen ocean to a high accuracy.

7(2) Underwater sonar instruments require-calibration for which a
Civilian Test Range is needed. A new development to determine the direc-
tion between the sound sources is necessary so as to lesen the number of
fransponders in each array,

Just to illustrate how our conceptional approach can be used to solve
the problems mentioned in Section 3,22, it will be applied to improve the

Tsunami Warning System.

Conceptual Approach for an Improvement in Tsunami Warning System.

As mentioned earlier that two-thirds or more of all tsunami warnings are
false alarms, the .existing Tsunami Warning System needs improvement.
Van Dorn [Loomis, 1972, p. C-12] suggested that stations should be
located on the ocean floor (and nbt on the continentr;tl shelves) off the seis-
mically active belt. He suggested a 6 station critical net as follows:

1 station off Japan

2 stations off the Aleutians

2 stations off South America

1 station off the South~western Pacific Island.

Zetler [1972, p. 26-27] mentions that if a tsunami could be detected
on the open ocean, it would be very valuable to the warning system.. Accord-
ing to Zetler, it does not seem likely that space craft/satellite measurements
could be helpful for tsunami detection in open ocean.

E is quite evident that tsunami data from the open ocean is very valu-

able to improve the existing tsupami warning system; this could be achieved
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by combining laser and occean-floor station data.

A system could be designed using the existing technology: At "suit-
able" locatiorson the Pacific ocean-floor acoustical transponder arrays could
be placed. Each transponder should be edquipped with water pressure sensor,
vertical seismometer and other essential instrumentation to make it a multi-
purpose station. On the ocean surface are placed stahilized platforms (float-
. ing buoys) whose bottom is mounted with acoustical transmitter/transponder
and upper surface with a laser reflector. The active laser satellite of DIALOGUE
type could position these reflectors (slowly moving objects) to £10 m for
one measurement, and £1 m from one day data; the range accuracy is =2 m
and radial accuracy +2 mm/sec [Thieriet, 1972].

The sonar data from the ocean-bottom traﬁsbonder net will provide the
relative position of the 'floating buoy" in all the three dimensions.

Note that the sonar data will be always available on command; but
laser and satellite data will be available only when the satellite is in that
region.

Operational Procedure: After the recording of an earthquake of 6.3

magnitude [lida, 1970, p.3] and consequently loeating its epicenter, the ocean-
bottom transponders, the surface buoys and the laser satellite will be asked
to report their "height difference" data at one minute interval. Thus a com-
plete record of the wave-height and ils speed can be computed. This "sonar"
height data is measured automatically and with the speed of sound, which is
approximately equal to the velocity of P-waves (1.5km/sec) [Bullen, 1963,

p. 321]. Whereas the tsunami speed in open ocean of 1000 m depth is only
100 m/sec. Thus the tsunami warning - after reviewing the sonar, laser

and seismic data ~ could be issued more reliably within minutes after the

~earthquake occurence.
Due to the fact that a harmless tsunami wave of the open ocean may

become destructive reaching the shore depends upon the topography of the
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continental slope and of the continental shelf, a few transponders/ﬂoating

buoys have to be located in this region.

3.24 Conclusions and Recommendations

We will now summarize the work to he done in marine geodesy:

(a) Accuracies Available and Required., The instrumentation accura-

cies as given by the manufacturer have to be evaluated. This will require
study of invesltigations done by various users using the ‘instrumenlt under
evaluation. After this evaluation it could be decided which instrument‘s
should be used for obtaining the specific accuracies.

Also needed is a scientific survey of user's accuracy requirement.
This is a very difficult task as most users do not want to discuss their de-
sired accuracies‘.

(b) Simulated Network Design. A basic simulated network design by

using the modern instrumeniation is necessary as this is the '"hack-hone"

of the entire operation. Tor such design one has to congider primarily, the
users'_ requirements, the configuration criteria, and how best a hybrid system
can be used.

The important advantage of ocean-bottom transponder net over satel-
lites is that satellites can track for a limited time when they are above a
particular station, while ocean-hottom transponders can either track continu-
ously or can be activated on command. This is very important for tsunami
warning system.

The network design can be conducted in three stages: (1) Unit Array:
Configuration and number of transponders necessary in one array; the type of
observations needed; type of instrumentation in each array and/or at each
transponder to make it a multi-purpose station; £) Regional Net: Configuration
of transponder arrays in areas of scientific interest and in practical problems
areas, like boundary determination; -(3} Global Net: Eventually to plan and

design a global net hased upon scientific regional nets mentioned in (2) above.
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The petwork design in each of the three stages should be connected

to a geodetic datum.

(¢) Ocean Surface Determination. The existing discrepancy between
geodetic and oceanic levelling should be clarified, This could be done by
using a regional net in the areas of discrepancies.

(d) General Navigation. Inertial navigation systems, which usually

have large drift rates, can be updated with geodetic information. A study
in this area, probably supplementing inertial navigation systems with gradio-
meters, could provide a solution to other specific navigational problems.

(e) Master Plan for Ocean-bottom Network. Looking at certain pub-

lications, it beéomes clear that some users and scientists have their "own"
transponder net on the ocean bottom. & will be worthwhile at least to plan

a global network, using the existing scattered transponder nets, if possible.
‘ A master plan should be prepared which should provide information
about the transponder types, their locations and working frequencies, obtained
data and type of data. This master plan should be similar to the National

Geodetic Satellite Program so as to avoid duplication of work.

(fy Cooperation with Battelle. A close scientific cooperation is being
attempted with Battelle Columbus Laboratories, which is involved in Qcean
physics and marine geodesy. Such a cooperation will be beneficial to the

scientific progress.
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